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THE WIND FACTOR IN FLIGHT: AN ANALYSIS OF ONE YEAR’S RECORD OF THE AIR MAIL.' 
By Wiis Ray Greaa, Meteorologist, and Lizut. J. PARKER VAN Zanpr, United States Air Service. 


(Washington, D. C., Apr. 27, 1923.] 


SYNOPSIS. 


From an analysis of one year’s records of the Air Mail Service between 
New York and San Francisco it has been found that at the average 
altitude of flight, about 1,500 feet above the ground, allowance must 
be made for a wind of 7 miles per hour from the west. In other words 
westward flights will, on the average, be made at a speed of 14 miles 

r hour less than will eastward flights. A more detailed study of the 

ew York to Chicago part of the route gives almost exactly the same 
wind factor as for the entire transcontinental route. This value of the 
wind factor has been verified by an examination of 9,267 free-air 
observations with kites and pilot balloons, and the agreement is remark- 
ably close. The importance of this agreement lies in the fact that, in 
fixing “<< schedules in other regions or at other altitudes, dependence 
can be placed upon either method in case only one is available. 

From a further study of the data, schedules that can be guaranteed 
90 per cent of the time have been determined for aircraft of any cruising 
speed between 50 and 150 miles per hour. In making up these sched- 

es allowance has been made for head winds of 36 miles per hour or 
more in westward flight and 20 miles per hour or more in eastward 
flight, these being the wind speeds that are shown by kite and balloon 
records to occur 5 per cent of the time. When they do occur, the flights 
will be somewhat delayed, but nevertheless completed. During the 
remaining 5 per cent of the time flights are likely to fail altogether or 
be seriously delayed because of exceptionally unfavorable weather, 
such as severe rain or snow storms, poor visibility, etc. 

Finally, a general wind curve has been prepared by means of which 
various schedules based on other percentage performances, greater or 
less than 90 per cent and for different lengths of routes, may be deter- 
mined. With the normal and high cruising speeds known quantities, 
allowance is made for an adverse wind such that the flight can be made 
in any desired time. The percentage frequency of this adverse wind 
is then read from the curve and thus is determined the percentage of 
the time that the desired schedule can be guaranteed. 


INTRODUCTION. 


The Air Mail Service needs no advertising. Its record 
speaks for itself. Nevertheless, a brief statement, by 
way of introduction to this paper, is of interest and there 
follow, therefore, a few excerpts from “ Postal Accomplish- 
ments of this Administration,” recently distributed in 
mimeographed form by the National Advisory Committee 
for Aeronautics: 


The Air Mail Service is limited by law to one transcontinental route 
from New York to San Francisco. This route is 2,680 miles in length, 
making a round trip of 5,360 miles. This round trip is covered each 
day, except Sundays and holidays. This necessitates an annual flying 
schedule of 1,800,000 miles. 

The Air Mail Service at present consists of a relay advance of mail 
from New York across the continent, and vice versa. That is to say, 
no particular mail is taken for a complete trip across the continent. 
Certain mail which misses the late night trains out of New York is 
advanced into Cleveland. Other mail which ordinarily would go into 
Chicago on a train too late for delivery in the afternoon, is taken from 
Cleveland into Chicago. This process is repeated in relays across the 
Continent, with the net result that approximately 12,000 pounds of 
first-class letter mail is advanced each day, a matter of some 3 or 4 hours. 


It should be noted that this 3 or 4 hour advance may in certain instances 
mean a real advance of 15 to 18 hours, inasmuch as it may mean the 
delivery of the mail to consignee late in the evening, which might not 
otherwise have been delivered until the following morning. ; lng 

From July 16, 1921, until September 7, 1922, Air-Mail pilots flew 
approximately 2,000,000 miles without a fatal accident. During the 
fiscal year ending June 30, 1922, an efficiency of 94.39 was maintained. 
This means that out of every 100 trips scheduled, 94.39 were finished 
on schedule time. Our records show that two-tkirds of the trips were 
made in clear weather; one-third were made in foggy, cloudy orstormy 
weather. 

September 16 marked the completion of 10 consecutive weeks of 
flying the entire transcontinental route with 100 per cent efficiency; 
that is to say, during these weeks each of the scheduled trips was started 
and finished exactly on schedule time. The daily route includes the 
crossing of three mountain ranges, the Alleghenies, the Rockies and 
the Sierras. * * * 

The position of the Post Office Department in the matter of the Air 
Mail Service is that such information as it is able to develop and such 
experiments as it is able to follow through to a conclusion are for the 
benefit of the country at large, and if in this work it is possible to add 
impetus to the prompt advancement of aeronautics, a notable achieve- 
ment will have been accomplished for the good of the Nation. 


Other parts of this report discuss briefly the types of 
_— and motors used and plans for undertaking night 
ying, with a view to maintaining continuous schedule 
and cutting down the time of the entire trip to about 30 
hours. In the present paper we are dealing, not with 
plans, but with accomplishments, and it can be said, with- 
out any exaggeration, that the accomplishments of the 
Air Mail constitute one of the outstanding developments 
of the past 2 or 3 years and prove conclusively the practi- 
cability of commercial aviation and the wisdom of pro- 
moting it with all possible energy and speed. Happily, 
complete records of flight performance have been kept 
and there is thus available a large amount of information 
for use in discussing intelligently the various factors that 
must be considered in laying out routes, determining 
schedules, figuring costs, etc. Admittedly, the wind is 
one of the most important of these factors, and all avail- 
able data should be used in evaluating it. Such is the 
oe of thispaper. The records of the Air Mail Service 
ave been used and there have been included some of the 
results of free-air investigations by means of kites and 


balloons. 
THE FLIGHTS: THEIR NUMBER AND DISTRIBUTION. 


The Air Mail records used in this study are those for the 
period June 1, 1921, to May 31, 1922, inclusive. These 
give the actual flying time for the 8 sections into which 
the entire route has been divided. These sections and 
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their lengths in miles are shown in Figure 1 and are as 
follows: 


Miles 

New York to Cleveland... ..- 435 
Cheyenne to Rock Springs.......................- 240 


As stated in the brief report of the Air Mail Service’ 
quoted in part at the se of this a nk no flights 
were attempted on Sundays or holidays. There are thus 
to be considered 306 instead of 365 days. The actual 
number of days on which flights were completed along 
the various sections of the route is given in Table 1, which 
also contains the average number and the percentage of 
possible for the entire course. In this and following 
tables the months are given in regular calendar order, 
but it is to be understood that January to May refer to 
1922, and June to December refer to 1921. 


TABLE 1.—Flights made by Air Mail Service along different sections 
of the transcontinental route during the period June, 1921, to May, 
1922, inclusive. 


sia 
Number of days available, excluding Sundays and holidays. 
| | 
25) 29) 25 25) 20] 25 25, 25 
Number of flights—Westbound. 
| 
New York-Cleveland...... 20, 221 23| 25, 26 251 25 16 23) 271 
Cleveland-Chicago......... 22; 22) 24) 23) 26) 26] 25) 27| 25) 26) 20) 290 
Chicago-Omaha............ 24, 21) 26) 25) 25) 25) 25) 27; 23) 26) 17] 287 
Omaha-Cheyenne.......... 21) 26) 22) 24) 25) 23) 25) 25] 25) 23) 284 
Cheyenne-Rock Springs....|| 21; 17) 26) 23) 25) 25) 24) 25) 21) 25) 22 19)| 273 
Rock Springs-Salt Lake....| 21) 18) 25) 25) 25) 25) 24) 25 20! 280 
Sait Lake-Reno............ 17; 17; 24) 23) 26) 26) 25) 23) 21) 26) 23) 272 
Reno-San Francisco......- 15, 6; 20) 21) 24) 22) 25) 21) 22) 25) 18 235 
Average...........-- 20. 5,17. 5/24. 1 23, 1/24. 925. 0/24. 6/25. 0,23. 1/25. 2119.9.21.0) 274 
Number of flights—Eastbound. 
San Francisco-Reno. ...... 17} 8 18 20 24 25) 24) 23) 22) 24) 17) 17) 239 
Reno-Salt Lake............ 16; 22} 23) 26) 26) 24) 21) 22) 26) 23) 20) 267 
Sait Lake-Rock Springs 20, 18 25, 25, 24) 24) 27, 25, 23) 22) 282 
Rock Springs-Cheyenne 21; 22) 27| 22 25, 24) 25) 27) 25) 26, 23) 23) 290 
Cheyenne-Omaha.......... 22; 22, 24 22) 26) 25) 25) 27| 24) 25) 24) 24!) 290 
Omaha-Chicago............ 22 26| 24, 26, 26 24) 24 25) 19| 287 
Chicago-Cleveland ......... 23) 23) 25) 23, 26) 26; 25) 27 26 18 23|| +290 
Cleveland-New York... ... 19, 20 22; 22 25, 26) 25) 25 24 25) 16, 24 273 
| 
Average............. (20. 4 18. 9 23. 6 22. 6 25. 2.25. 2:24. 5 25. 1.24. 0/25. 4/20. 4.21.9) 277 
Percentage of possible...... 81. 5 82. 187. 590. 5.97. 1) 7.198. 0,93. 0.96. 097.6 81. 584. 1 90. 6 
Average, both ways........ 20. 4 18. 2.23. 9 22. 9.25. 125. 1.24. 625. 123.625. 320.121.4| 276 
Percentage of possible...... 81. 8.79.1 88.4 91 5 96. 4/80. 5)82. 90.1 


An examination of the figures in this table brings out 
quite strikingly the following points: 

(1) The number of flights each way, east and west, is 
approximately the same. Not only is this true for the 
different sections, but also for the individual months. 
There were a few exceptions but in general a failure to 
make a flight in any particular section applied to both 
directions on the same day. In other words, conditions 
that were unfavorable for flying were altogether unfavor- 
able for it, regardless of direction. Among such condi- 
tions we may include rain and snowstorms, deep snow 
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on the ground, fog, thunderstorms and excessively high 
winds. The last item, high winds, appears to have less 
importance than the others, so far as complete interrup- 
tion of flight is concerned. Head winds do of course 
affect schedule performance—a phase of the subject that 
will be discussed later—but, unless their speed approaches 
closely, or exceeds, half that of the aircraft itself, they 
result only in delay, not in cancellation. 

(2) In the present stage of development the summer 
half of the year is markedly superior to the winter half. 
From April to October the percentage of possible flights 
made is —— above 90, the average being about 95; 
in March it is only slightly less than 90; but from Novem- 
ber to February it falls very nearly to 80. Here again 
we see the influence of unfavorable weather, such as fogs, 
rain or snow, poor visibility, etc., or bad condition of 
landing fields, due to rain or snow. Experience and im- 
provement in facilities will at least partially overcome 
these conditions, but at present they constitute a real 
handicap for which proper allowance must be made. 
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Fic. 1. Air Mail route between New York and San Francisco. 


(3) For the year as a whole, there is little difference 
among the various sections of the route, with the one 
exception of that between Reno and San Francisco. 
Presumably this marked exception is due to other influ- 
ences than that of weather, possibly topography, and 
little attention need therefore be given it here. Consid- 
ering the other sections, we find particularly satisfactory 
the portion of the route between Cleveland and Salt Lake 
where more than 90 per cent of the scheduled trips were 
made; the percentage between New York and Cleveland 
and between Salt Lake and Reno is very close to 90. 
For the entire route the value is just above 90; if the sec- 
tion between Reno and San Francisco is disregarded, this 
value is about 92. 


THE FLIGHTS: THEIR AVERAGE SPEED. 


The records furnished by the Air Mail Service give 
the actual time in which each fiight was made. The 
data have been tabulated by months for each section of 
the course, averages have been determined and _ these 
averages have been converted into speeds in miles per 
hour, thus reducing all values to a uniform basis, inde- 
tae of the length of the various sections. The num- 

er of flights used is slightly less than shown in Table 1, 
since it has been deemed wise to consider only those cases 
in which flights were made in both directions. The pri- 
mary purpose of this study is to determine the wind fac- 


| 
| 
| 
| 
| 
| | 
| 
| 
| 
| 
| 
| 
| 
| 
| = 
| | 
~ 
| 


Marcu, 1923. 


tor as closely as possible, and this purpose would be de- 
feated to some extent if days were included in which a 
flight was made in one direction and not in the other. 
However, this procedure resulted in a en small differ- 
ence, amounting only to an average of 8 flights for each 
section for the entire year, and to 3 for the New York to 
Chicago portion of the course. The average speeds are 
given in Table 2, which also contains separate means for 
the comparatively level part of the course, New York to 
Cheyenne, and for the mountainous part, Cheyenne to 
San Francisco, and finally for all sections combined. 


TABLE 2.—Average speed, m. p. h., along Air Mail route. 


5 = < 5 5 < n 
Westbound. 
New York-Cleveland........ 89.5 | 84.8 | 90.4 | 87.3 | 95.8 | 88.2 | 84.5 | 87.0} 86.1 
Cleveland-Chicago........... 88.2 | 85.7 | 89.6 | 87.0 | 90.1 | 88.6 | 84.4 | 84.6] 84.2 
Chicago-Omaha............. 86.6 | 86.2 | 93.2 | 95.5 | 90.0 | 87.8 | 82.0 | 81.6 | 82.7 
Omaha-Cheyenne........... 84.2 | 87.5 | 91.3 | 94.1 | 89.3 | 88.6 | 88.0 | 87.0] 86.3 
Cheyenne-Rock Springs..... 72.3 | 70.4 | 76.7 | 77.4 | 78.7 | 81.4 | 82.2 | 76.9] 69.8 
Rock Springs-Salt Lake..... 79.1 | 68.6 | 77.9 | 85.6 | 86.6 | 75.6 | 77.5 | 81.1 | 78.7 
Salt Lake-Reno............. 94.2 | 91.9 | 92.4 | 95.2 | 94.8 | 87.3 | 92.4 | 93.2] 88.9 
Reno-San Francisco......... 100.5 |100.0 | 90.9 | 96.4 | 97.4 | 82.6 | 85.6 | 84.1] 88.0 
New York-Cheyenne........ 87.0 | 86.1 | 91.2 | 91.1 | 91.3 | 88.3 | 84.7 | 85.0] 84.9 
Cheyenne-San Francisco..... 86.6 | 82.9 | 85.6 | 89.1 | 89.7 | 83.1 | 86.1 | 85.3] 81.9 
New York-San Francisco....] 86.8 | 84.8 | 89.0 | 90.3 | 90.7 | 86.2 | 85.3 | 85.2] 83.7 
Eastbound, 
| 
San Francisco-Reno......... 93.1 | 91.3 |106.1 102.7+| 97.4 | 88.4 | 90.9 | 94.5 | 99.0 
Reno-Salt Lake............. 100.7 |102.8 |105.5 103.8 |104.3 | 99.1 | 99.8 103.5 | 105.3 
Salt Lake-Rock Springs..... 102.6 | 98.7 |103.3 | 96.3 | 96.3 | 88.6 | 89.1 | 95.1 | 105.4 
Rock Springs-Cheyenne..... 115.4 |115.4 {106.2 102.1 107.1 | 89.2 | 92.3 |103.4 | 108.1 
Cheyenne-Omaha........... 106.2 |106.2 | 99.6 | 97.7 |102.4 | 87.8 | 88.5 | 90.7 | 92.9, 
Omaha-Chicago............- 102.2 |104.9 | 94.2 | 93.8 | 94.0 | 89.3 | 92.2 | 94.4 | 100.5 
Chicago-Cleveland........... 104.7 |102.4 | 93.8 |104.0 | 94.1 | 88.6 | 92.3 | 92.8! 97.4 
Cleveland-New York........ 108.8 |112.4 |105.6 [105.3 101.2 | 95.0 | 89.9 | 95.4 | 101.4 
San Francisco-Cheyenne..... 102.5 |102.4 |105.5 102.0 102.3 | 92.9 | 94.6 |100.4 | 104.7 
Cheyenne-New York........ 105.5 |106.6 | 98.4 | 99.8 | 98.1 | 90.1 | 90.5 | 93.3] 97.9 
San Francisco-New York....|104.3 |105.0 |101.0 |100.6 | 99.7 | 91.2 | 92.0 | 95.9 | 100.4 
|g 
2 2 5 : 
4 8 
° Z =) n < = < 
Westbound. 
| 
New York-Cleveland............. 85.1 | 84.1 | 89.5 || 91.2 | 86.6 | 85.1 | 87.9 || 87.7 
Cleveland-Chicago 82.3 | 87.7 | 84.2 || 88.9 | 85.9 | 84.7 | 86.0 86.4 
Chicago-Omaha..................- 81.6 | 87.4 | 85.3 || 92.9 | 83.8 | 83.9 | 86.0 || 86.7 
Omaha-Cheyenne...............-- 85.2 | 86.3 | 83.8 || 91.6 | 87.9 | 85.9 | 85.2 || 87.6 
Cheyenne-Rock Springs... -| 72.9 | 62.3 | 69.8 || 77.6 | 80.2 | 68.3 | 70.8 || 74.2 
Rock Springs-Salt Lake... ..--| 85.6 | 76.0 | 77.5 || 83.4 | 78.1 | 80.1 | 75.1 || 79.2 
Balt Lake-Reno..................- 90.5 | 88.0 | 88.4 || 94.1 | 91.0 | 89.1 | 91.5 || 91.4 
Reno-San Francisco. ...........-. 88.0 | 86.4 | 93.1 || 94.9 | 84.1 | 87.5 | 97.9 | 91.1 
New York-Cheyenne.............. 83.6 | 86.3 | 85.7 || 91.2 | 86.0 | 84.9 | 86.3 | 87.1 
Cheyenne-San Francisco.......... 84.6 | 78.3 | 82.3 || 88.1 | 84.8 | 81.6 | 83.9 || 84.6 
New York-San Francisco......... 84.0 | 83.0 | 84.4 | 90.0 | 85.6 | 83.6 | 85.3 | 86.1 
Eastbound. 
95.0 | 99.0 | 96.0 |/102.1 | 91.3 | 97.7 | 93.5 || 96.1 
99.1 |107.8 | 99.8 ||104.5 (100.8 |104.1 {101.1 | 102.6 
105.4 |103.3 | 97.5 || 98.6 | 90.9 |104.7 | 99.6 | 98.5 
104.3 |117.6 |113.7 ||105.1 | 95.0 |110.0 |114.8 | 106.2 
100. 4 |102.9 |106.0 || 99.9 | 89.0 | 98.7 |106.1 | 98.4 
98.4 | 96.8 |101.4 || 94.0 | 92.0 | 98.6 |102.8 96.8 
103.7 |102.1 {101.2 || 97.3 | 91.2 |101.1 |192.8 | 98.1 
103.8 | 97.5 {109.0 ||104.0 | 93.4 |100.9 (110.1 |) 102.1 
100.4 |107.4 {101.6 ||103.3 | 96.0 [104.2 |102.2 || 101.4 
101.4 | 99.7 |104.6 || 98.8 | 91.3 | 99.7 105.6 || 98.8 
101.0 |102.5 |103.4 ||100.4 | 93.0 |101.3 104.2 99.8 


Deferring for the present a detailed discussion of the 
gures in this table, we note that the average annual 
speed over all sections was 86 miles per hour for the west- 
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ward trip and 100 for the eastward trip. These values 
indicate that the normal cruising speed of the planes was 
93 m. p. h. and that the wind factor amounted to about 
7m.p.h. As acheck on this latter value it is possible 
to use the results of free-air investigations that have been 
conducted with kites and pilot balloons. Let us first, 
however, discuss briefly the term ‘‘cruising speed’’ and 
determine, so far as possible, the altitude at which the 
flights were made. Unfortunately, these are subject to 
more or less uncertainty, as the following considerations 
will show: 
1. Cruising speed: 

(a) With a high “head” wind pilots open the motor 
throttle, the result being a higher than 
normal airspeed. 

(b) Conversely, with a ‘tail’? wind pilots ease up 
on the motor, and there results a lower than 
normal airspeed. 

(c) The effect of (a) and (4) is to give an apparent 
wind somewhat less than the actual wind in 
both cases. 

2. Altitude: 

(a) In cold weather and against head winds; also, 
when there are low clouds or fog, pilots fly 
as low as possible, anywhere between 100 
and 1,500 feet, probably less than 1,000 feet 
as a rule. 

(6) In warm weather, with good visibility, and 
especially if there is a tail wind, the flying is 
done at a much higher altitude, seuakis 
between 1,000 and 3,000 feet, sometimes 
higher still. 

(c) As a working basis we can assume 1,500 feet as 
the altitude of flight, a value which is be- 
lieved to be not far from the average. 

With both cruising speed and altitude unknown 
variables we can not fix accurately the actual wind. 
Nevertheless, it is to be noted that (a) and (6) under (1), 
and (a) and (6) under (2) are to some extent compensa- 
tory. That is to say, whereas flights in head winds are 
at a lower altitude than the average of 1,500 feet and 
therefore yield apparent winds of less speed than the 
actual wind at that level, yet on the other hand flights 
in tail winds are made at a higher altitude than the 
average with the result that the apparent wind speed is 
greater than the actual. Again, it should be borne in 
mind that many of the flights both east and west are 
made in easterly winds and that the statements in (1a) 
and (16) apply to these as well as to westerly winds. 
Finally, in many cases no doubt, the motors failed to 
develop full power, even against high winds. It is thus 
seen that some of the elements of uncertainty offset one 
another, at least to a considerable extent. Assuming 
then that the average altitude of flight was 1,500 feet, 
that the average wind speed was 7 m. h. p., and that the 
normal cruising speed was 93 m. p. h., we shall now ex- 
amine the results of free-air wind observations to provide, 
if possible, a check on these values. 


COMPARISON WITH FREE-AIR WIND OBSERVATIONS. 


The data used in this comparison are those that have 
been obtained by means of kites and pilot balloons. By 
way of preface it may be remarked that neither method 
is entirely satisfactory. Balloons can be used only in 
clear weather, or at any rate only in the clear space be- 
neath cloud layers; they can not be used when rain or 
snow is falling; since they travel with the wind, they 
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quickly disappear in a horizontal direction when winds 
are exceptionally strong. Kites, on the other hand, will 
not fly in very light winds, but are the means of pro- 
curing good records in cloudy weather and in poor | 
strong winds. The two methods thus supplement eac 
other tolerably well, though not perfectly since neither 
is practicable during rain or snow. However, it is 
al that an average of the results provides a close 
ee to the true value, and this course has been 
ursued. 

r Unfortunately, free-air observations have not been 
made along all portions of the course, but the eastern 
part of the country has been fairly well covered. The 
records chosen for the present study were obtained by 
means of kites at Drexel, Nebr., and Royal Center, Ind.; 
and by means of pilot balloons at 2 groups of stations, 
hereinafter to be referred to as Group 1 and Group 2, 
the first one comprising Burlington, Vt., Ithaca, N. Y., 
Lansing, Mich., and Madison, Wis.; and the second, Mc- 
Cook Field, Ohio, Park Field, Tenn., Royal Center, Ind., 
West Point, Ky., and Wright Field, Ohio.? All of these 
stations are fairly close to the Air Mail route. The 
individual observations have been added vectorially and 
the results are presented in Table 3. 


TaBLe 3.—Resultant winds, m. p. h. at 1,500 feet above surface. 


Number 
Stations. Method of obser- | ‘of obser- | Resultant winds. 
vations’ 
1,891 | S. 65° W. 4.9 
607 | S. 60° W. 10.3. 
3, 874 | S. 88° W. 8.7. 
2,895 | S. 68° W. 7.8. 


The rather large difference between the resultant 
wind at Drexel and that at the other stations appears to 
be due to the greater frequency of winds from directions 
between south and west at the latter. At Drexel winds 
are about equally frequent from the northwest and south- 
west quadrants. The values in Table 3 have been 
resolved into south and west components, and the mean 
resultant wind is found to be S 70° W 7.7. The average 
bearing of the course from New York to San Francisco is 
S 86° W. The difference between this and the resultant 
wind, S 70° W, viz. 16°, is the angle to be considered in 
determining wind effect. In order to keep on its course, 
the airplane must necessarily make a small angle with 
that course to offset the wind when the latter is neither 
a straight head wind nor a straight tail wind. This 
angle will depend upon the direction of the wind and 
upon its speed relative to that of the plane. It is easily 
determined from the equation, 


w 


sin B= S. sin a, (1) 


in which 8=the angle between the plane and the course; 
a=the angle between the wind and the course; 
S,= cruising speed of the airplane; 
and S&,=the speed of the wind. 
In the present case sin pats sin 16° = .0228. 
p=1° 


2 The length of the record varies somewhat for the different stations, but on the average 
is about 3 years. 
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The resultant, or ground, speed, S,, of the airplane will 
then be 


S,=S, cos B+ S, cos a (2) 
=93 cos 1°+ 7.7 cos 16° 
=93+7.4 
= 100.4 or 85.6 


These results agree very satisfactorily with the values 
determined from the actual record of flights, viz., 99.8 
and 86.1, respectively, and indicate that we are entirely 
justified in accepting 7 miles per hour as the effective 
wind factor in the Air Mail flights. They indicate 
further that the average effect on any flight schedule may 
be closely predicted from the resultant wind and the 
normal cruising speed, even though the cruising speed 
and altitude are to some extent varied. If these are 
known more definitely, then the resultant winds determine 
still more precisely what allowance should be made, a 
matter of considerable significance in commercial avi- 
ation enterprises and one emphasing the importance of 
extending free-air investigations to all parts of the 
country as speedily as possible. 


VARIATIONS FROM THE AVERAGE. 


A knowledge of average performance is important, 
but it is not sufficient for the purposes of commercial 
aviation. It is essential also to know the percentage of 
flights that are delayed and to fix atlases for which 
the percentage of delays will not exceed certain limiting 
values. For example, if a contractor wishes to guarantee 
arrival within schedule limits 95 per cent of the time, 
he must know the speed of which his planes are capable 
and he must know the wind velocity which at the selected 
flying level, is not exceeded more than 5 per cent of the 
time. With these data, and such allowance for service 
stops, etc., as is necessary, he can determine a working 
flight schedule. We shall now examine in greater 
detail the Air Mail records and the kite and balloon 
data, with a view to determining what percentage of 
trips are likely to be delayed with various time schedules: 
ge: attention will then be given to that portion of 
the route between New York and Chicago; and finally 
the results of the study will be applied to aircraft of 
various speeds between 50 and 150 m. p. h 

The normal cruising speed of an airplane probabl 
averages from 80 to 90 per cent of its maximum speed. 
The latter is rarely used, but it constitutes a valuable 
reserve in case of high head winds or unexpected delays 
in starting, etc. In all probability, however, a speed 
closely approaching this maximum is frequently resorted 
to. This we shall call the plane’s “high cruising speed.” 
We shall also assume that the ratio between this and the 
normal cruising speed is 1 to 0.85. 


Let S=high cruising speed, 
0.85S = normal cruising speed, 
R=resultant wind, or wind factor, 
and S,=plane’s resultant or “ground”’ speed. 


We have already found that, for the Air Mail, 0.855S= 
93. Then S=110, a speed which we assume can be 
resorted to in case of high head winds. We have found 
also that R=7, and S,, for westward flights, =86, and 
for eastward, 100. 


| 
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DELAYS IN WESTWARD FLIGHTS. 


As already stated, S,=86 for these flights. The 
following table shows the percentage of flights that 
were made at a lower speed than this. 


TaBLE 4.—Percentage of flights westward at less than 86 m. p. h. 


Sections. Total. | Delays. = 

Cheyenne-Rock 267 210 79 
264 47 18 


An inspection of these figures (see also Table 2 in this 
connection) shows that there is little variation along the 
different portions of the course from New York to 
Cheyenne, the average percentage of delays being about 
45, thus agreeing closely with the general average. 
Over the Rocky Mountain region, however, i. e., from 
Cheyenne to Salt Lake, the percentage of delays is much 
— about 75, probably due in part to greater diffi- 
culty in keeping the course because of low-lying clouds, 
and in part also to stronger westerly winds, since flying is 
done at a greater altitude above sea level. West of the 
Rockies, i. e., from Salt Lake to San Francisco, the per- 
centage of delays is much smaller than over any other 
parts of the course, amounting to only 25. It is not 
easy to account for this, but the explanation may be 
that the winds in this region have a less pronounced 
west component. This appears to be the case, judging 
from the pilot-balloon observations that have thus far 
been made. These are not sufficient in number, how- 
ever, to justify a positive statement on this point. 

A more detailed inspection of the original data, of 
which Table 4 merely gives a summary, indicates that at 
all points along the course there is a decided seasonal 
variation. The pipe of delays by seasons for all 
sections combined is as follows: Spring, 35; summer, 51; 
autumn, 55; winter, 48. 

At first thought we would expect this variation to mani- 
fest itself as a small percentage of delays in summer and 
a large one in winter, but such is not the case. Instead, 
the minimum is found in spring, the maximum in autumn, 
and the summer and winter values are nearly identical. 
It is certain that the west component in the winds is much 
greater in winter than in summer; and the only plausible 
a for the unexpected results above given seems 
to be that, in flying against head winds in winter, pilots 
open the motor throttle to the “high” instead of the 
“normal” cruising speed. Moreover, as indicated earlier, 
pilots fly at a lower altitude in winter than in summer, 
and this tends to offset the difference in wind effects of 
the two seasons. In spring, because of the prevalence 
of cloudy weather, the flying is still done at a low altitude, 
and thus fewer delays occur than in summer because of 
the difference in altitude or than in winter because of the 
decreased wind speeds at about the same altitudes. In 
autumn the reverse is true in each case, because of the 
greater altitude followed on account of the relatively 
clear weather. 


DELAYS IN EASTWARD FLIGHT. 


In this case S-=93+7=100. Table 5 shows the _ 
centage of flights that were made ata lowerspeed than this. 
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TaBLE 5.—Percentage of flights eastward at less than 100 m. p. h. 


Sections. Total. | Delays. | Percent: 

278 164 59 


The average percentage of delays for all parts of the 
course is 49, practically the same as for the westward 
flights, the resultant wind being allowed for in each case. 

en examined in detail, the original records show a 
marked seasonal variation as follows: Spring, 44; sum- 
mer, 73; autumn, 39; winter, 35. 

This variation accords with what one would expect 
and is easily explained: In summer all winds are pre- 
vailingly light and therefore material assistance from 
westerly winds is not frequently experienced. The 
occurrence of thunderstorms, moreover, adds to the 
number of delayed flights; in winter marked assistance 
from westerly winds is frequently found. Even when 
easterly winds occur, they are not usually very strong at 
low altitudes, and are not infrequently overrun by west- 
erly winds. The pilot thus can fly above them and gain 
speed from the overlying westerlies, or in them and be 
but little delayed by their comparatively low speeds. An 
exception is to be noted in the part of the course from 
San Francisco to Salt Lake, where the percentage of 
delays in winter is nearly as high as in summer. ‘This 
seems to confirm the remark made earlier that westerly 
winds in this region of the country are less vigorous than 
farther east. 

From the foregoing discussion it is evident that the 
number of flights in each direction made at a higher speed 
and at a lower speed respectively than the average value 
of S, is approximately the same, viz, 50 per cent. From 
an operation standpoint we are little interested in ad- 
vances on schedule, but we are vitally interested in delays. 
It is thought worth while therefore to assume certain ar- 
bitrary schedules, or in other words adopt certain factors 
of safety, and from the records determine the percentage 
of flights that fail to arrive within schedule and the aver- 
age and maximum delay for these flights. 


WESTWARD FLIGHT: FACTOR OF SAFETY, 15 M. P. H. 
HEAD WIND AT NORMAL ORUISING SPEED, OR 32 
M. P. H. AT HIGH CRUISING SPEED. 


Under this assumption, S,=93—15=78. Table 6 
shows the percentage of flights that were made at a 
slower speed than this. 


TABLE 6.—Percentage of flights westward at less than 78 m. p. h. 


Percent- 
Sections. Total. | Delays. age. 

277 36 13 
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From these figures it appears that the schedule could 
not be kept more than about 75 per cent of the time. 
As in the previous case, however, where a head wind of 
7 m. p. h. was allowed, the delays are most frequent, 
about 50 per cent, in the Rocky Mountain region. If we 
consider the course from New York to Cheyenne, the 
percentage of arrivals on or ahead of schedule becomes 
82, with a small seasonal variation from 85 in spring and 
summer to 79 in autumn and winter. It is evident that 
this performance would not be satisfactory and should 
be remedied either by using machines having a higher 
cruising speed, or by allowing a greater factor of safety. 

Table 7 shows the average and maximum delay for 


the different sections of the course for the schedule on 
which Table 6 is based. 


TABLE 7.—Average and maximum delay, in minutes, for those flights that 
failed to arrive within schedule. 


; Average | Maximum 
Sections. delay. delay. 


Considering the New York to Chicago part of the 
course as a unit, we obtain the following values: 

Percentage of delays, 19 

Average delay in minutes, 265 

Maximum delay in minutes, 101° 

The first value, 19 per cent, agrees closely with the 
average of the values shown in Table 6 for the four sec- 
tions from New York to Cheyenne. From these it might 
at first thought be assumed that head winds of more than 
15 miles per hour are encountered less than 20 per cent 
of the time. This of course is not true; rather, when 
stronger winds do occur, the reserve power of the motor, 
S—0.85 S, or at any rate part of it, is brought into play. 
If S=110, then the schedule based on 78 m. p. h. scald 
be maintained, other conditions being favorable, against 
all head winds up to 15+ (110-93) =32 m. p. h. But the 
results show that this schedule was maintained only about 
80 per cent of the time, which means either that head 
winds above 32 m. p. h. prevailed on one day out of five, 
or that poor visibility, engine trouble and other causes, 
not at all related to the wind, operated to cut down the 
value of S considerably below 110. In order to determine 
what proportion of these delays can be attributed to 
adverse winds a large number of balloon and kite records 
have been examined and the results are given in the 
following paragraphs. 

For the present purpose the route is sufficiently close 
to a west-east line to be considered such. If then a wind 
is blowing straight from that direction, i. e., west, the 
plane will be delayed in its flight by exactly the speed of 
that wind. If, however, the wind is from some other 
direction with a west component, the delay will be less 
than the speed of the wind, the amount of the decrease 
being least with WSW or WNW, and greatest with SSW 


3 There is an apparent discrepancy here between the average and maximum delays 
for the combined course, New Y ork to Chicago, and the sums of the values given in Table 
7, where the two sections, New York to Cleveland and Cleveland to Chicago are consid- 
ered separately. This is easily a spas In many cases there was a delay in one sec- 
tion, but this was more than made up in the other, with the result that there was no 
delay whatever in the complete ~y For example, calling the three places A, B, and 
C, let_us assume that on one day flight was made 40 minutes ahead of schedule from 
A to B and was 30 minutes delayed from B to C; and that the reverse of this occurred 
on the next day. For the entire trip there was no delay on either day but for each section 
separately there was one delay of 30 minutes to be included in the results given in Table 7. 
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or NNW winds. By transformation of equation (2) it is 
easy to compute the speeds of wind from the different 
directions that will produce a resultant delay of 32 m. p. h. 
in the plane’s progress. These values are as follows: 


M.p.h. 


The kite and balloon records chosen for the study are 
the same as those used in the preparation of Table 3. 
The observations, 9,267 in number, were examined, and 
those tabulated in which the velocities for the appro- 

riate directions equaled or exceeded the values above 
listed. The results are shown in Table 8. 


TABLE 8.—Percentage frequency of winds at 1,500 feet altitude with west 
component equaling or exceeding 32 m. p. h. 


Number 
e of observa- 0 compo- ercent- 
Stations. tion. observa- | nent 32 age 


tions. | m.p.h. 
or more. 


0.2 


From the mean value here given it appears that head 
winds would cause a delay in the schedule about once in 
every two weeks, or in other words that satisfactory per- 
formance could be guaranteed 90 per cent of the time, 
so far as wind is concerned. Part of the 23 per cent 
delayed trips actually experienced, as shown in Table 6, 
are therefore attributable to other causes, such as failure 
of engines to develop full power, flying a roundabout 
route or at high altitudes because of low clouds, etc. 


OTHER SELECTED FACTORS OF SAFETY. 


The foregoing method of comparing the delays in 
flights with kite and balloon data has been applied to 
other assumed factors of safety. It is hardly necessary 
to give the results at length in this paper, but the detailed 
figures are available for any who may be interested in 
them. A general summary follows: 

(a.) Westward flight: Factor of safety, 25 m. p. h..a 
normal cruising speed, or 42 m. p. h. at high cruising 
speed.—S, = 93 —25=68: The average percentage of de- 
lays for this schedule was 6, with highest values between 
Cheyenne and Salt Lake. From New York to Chicago 
it was only 3 per cent, the average delay being 18 minutes. 
This is in good agreement with kite and balloon records, 
which show that winds with a west component of 42 
m. p. h. occur 2 per cent of the time. Evidently then 
this schedule would be very satisfactory, since delays 
would be experienced about once in 7 weeks. 


(b.) Eastward flight: Factor of safety, 10 m. p. h. at 
normal cruising speed, or 27 m. p. h. at high crusing 
speed.—S,=93—10=83: Smaller factors of safety are 
used for eastward flight, since head winds, in this case 
easterly winds, are of less average speed than for west- 
ward flight. The average percentage of delays for the 
entire course was 9, with no great variation in the differ- 
ent sections. From Chicago to New York it was 8 per 


4 It is to be noted that allowance is made in equation (2) for the angle that the airplan* 
must make with the course in order to keep on that course. 
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cent, with an average delay of 43 minutes. Kite and bal- 
loon records show that winds with an east component of 
27 m. p. h. occur 2.4 per cent of the time, which means 
that other factors, previously mentioned, were responsible 
for some of the peng Considering wind only, and 
assuming that S=110, we can safely conclude that this 
schedule could be maintained 97 per cent of the time, 
i. e., delays would occur once in 5 weeks. 

(c.) Eastward flight: Factor of safety, 20 m. p. h. at 
normal cruising speed, or 37 m. p. h. at high cruising 
speed.—S, =93—20=73: The percentage of delays for 
each section of the course was 4 or less, the average for 
the entire course being 2 per cent, and for Chicago to 
New York 1 per cent. Kite and balloon data indicate 
that winds with an east component of 37 m. p. h. occur 
0.7 per cent of the time, from which it appears not onl 
that the agreement is remarkably close but also that this 
schedule would be a particularly satisfactory one, with 
delays occurring about 4 times a year. 


FLYING BETWEEN NEW YORK AND CHICAGO. 


Thus far we have been considering in more or less 
general terms the entire Air Mail course from New York 
to San Francisco. At the present time interest is most 
keen in that portion of it between New York and Chicago, 
partly because of the commercial importance of those two 
cities and of others along the route and partly for the 
reason that if aviation can be proved to be practicable 
in this region, characterized as it is by frequent storms, 
high winds and poor visibility, it will certainly be prac- 
ticable, so far as weather is concerned, in almost any 
other part of the country. In what follows, therefore, 
we shall discuss in somewhat greater detail the wind 
conditions along this portion of the course, as revealed 
by the Air Mail records and by kite and balloon data. 

e length of the course is 770 miles. Only those days 
have been considered in which flights covered this entire 
distance in both directions. There were thus excluded 
3 days in which flights were made from New York to 
Chicago but not in the other direction; 6 days in which 
the performance was the reverse of this; and 12 days in 
which flights were made over only a part of the course 
either way, e. g., New York to Cleveland, but not on to 
Chicago, ete. 

The number of flights considered is shown, by months, 
seasons and the year, in Table 9, which also contains the 
number of available days, excluding Sundays and 
holidays; the percentage of days on which flights were 
made; the average speed attained in each direction; and 
the highest and lowest speeds. 


TABLE 9.— Miscellaneous statistical data for flights between New York 


and Chicago. 
5 
Number of days, excluding 
Sundays and holidays....| 25 23 27 25 26 26 25 27 25 
Number of flights each way.| 19 17 21 21 25 26 25 25 24 
Percentage of possible... ... 76.0 | 73.9 | 77.8 | 84.0 | 96.2 |100.0 |100.0 | 92.6} 96.0 
New York-Chicago. 
Average speed m. p. h......| 88.8 | 86.3 | 90.3 | 87.4 | 93.3 88.4 84.1 85.7 | 85.6 
Highest speed m. p. h....../114.1 |110.3 |108.0 |106.1 111.9 164.1 97.5 99.6 | 101.3 
Lowest speed m. p. h....... 68.7 | 71.3 | 74.6 70.8 | 77.1 | 73.2 73.5 | 75.7) 65.9 
Chicago-New York. 
Average speed m. p. h....../107.2 107.8 100.0 104.2 | 98.0 | 92.1 | 90.9 | 94.1 | 99.4 
Highest speed m.p.h......|129.4 |129.2 |123.4 '130.5 |115.8 |110.2 |111.3 |111.9 128.3 
Lowest speed m. p. h....... 84.6 | 89.0 | 77.7 | 76.6 78.8 | 75.1 | 64.3 | 75.3) 79.1 
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TABLE 9.— Miscellaneous statistical data for flights between New York 
and Chicago—Continued. 


October 
November 
December. 
Spring 
Summer 
Autumn 


Number ofdays, excluding 
Sundays and holidays...) 26 26 78 78 

Number of flightseach way} 24 14 20 67 76 

Percentage of possible... 92.3 | 56.0} 76.9 |} 85.9] 97.4 


o 


7 || 85.3 


| 
Average speed m. p.h.....| 84.2] 85.8 | 87.0} 90.3 | 86.0} 85.2] 87.4 87.2 
Highest speed m. p. h.....| 119.0 | 109.5 | 104.5 |) 111.9 | 104.1 | 119.0 | 114.1 | 119.0 
Lowest speed m.p.h......| 68.1] 74.0 | 71.0 70.8 | 73.2} 65.9 | 68.7 65.9 


Average speed m. p. h.....| 104.1 | 100.4 | 105.5 || 100.7 | 92.3 | 101.3 | 106.8 | 100.3 
Highest speed m. p. h.....| 136.3 | 129.8 | 124.8 || 130.5 | 111.9 | 136.3 | 129.4 | 136.3 
Lowest speed m. p.h......| 79.4 | 82.2] 91.3 || 76.6] 64.3) 79.1) 84.6 64 

| 


From the values given in the third line of this table 
it is apparent that one year’s record is not sufficient for 
the determination of monthly averages; a longer record 
would smooth out some of the abrupt irregularities. For 
example, the value for November is much lower than it 
would be as a rule, and for that matter considerably 
lower than the general average for the entire route be- 
tween New York and San Francisco, as may be seen b 
a glance at Table 1. The large difference between this 
November value and those for other months, appears to 
be due to the unusual amount of storminess in the 
eastern States, resulting from marked cyclonic activity. 
During the month there was more than double the normal 
number of cyclones, i. e., low pressure areas, and these 
produced much cloudiness, accompanied by snow and 
rain. In spite of this evidently abnormal month, as well 
as some lesser irregularities in the values given in the 
table, the latter do brin out, in no uncertain fashion, the 
marked superiority of the summer over the winter half of 
the year. From May to October, inclusive, more than 
95 per cent of the scheduled flights were made, but the 
average for the remaining 6 months drops down to about 
75 per cent. It is noteworthy that in June and July 
every flight scheduled was made. Yet these are the 
months in which most thunderstorms occur in this region. 
Evidently thunderstorms and local showers do not con- 
stitute a serious deterrent to flight. They make necessary 
a wide detour sometimes and therefore cause delays, but 
they rarely prevent altogether the completion of a flight. 
The widespread occurrence of low clouds, however, 
accompanied as they usually are by rain or snow and 
characterized by poor visibility, is at present a very big 
problem for the elimination of which commercial aviation 
must marshal all its forces. Rain not only interferes 
with flight but sometimes produces conditions at landin 
fields which render the take-off and landing difficult an 
even dangerous. Snow is likewise an impediment in 
flight and in addition tends to obliterate markings along 
the route on which the pilot depends for his guidance. 
If of considerable depth, it may make the take-off and 
landing of planes hazardous or in extreme cases quite 

he hopeful aspect of this problem is that in large 
measure it can be solved; there are no insuperable diffi- 
culties. Navigation methods must be improved to 
enable the pilot to fly above the cloud layers and still 
keep his course. Even in widespread storms there are 
occasional lulls. Meteorological service must be so en- 
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larged and improved as to enable pilots, by timely 
warnings, to take advantage of these lulls. Slight delays 
may result, but at any rate not complete ng ty RT 
Suitable signals, both radio and beacon, must be devel- 
oped so that pilots may be largely independent of such 
markings as those _n which reliance is now placed. 
Landing fields must be so graded, drained, and surfaced 
that rains will have no deleterious effect upon them, and 
provision must be made to prevent the accumulation of 
soft snow. By these and other measures the — 
of flight will certainly be greatly improved. In all proba- 
bility such improvement will be effected in the near 
future. At present, however, we are more interested in 
what has actually been accomplished in spite of handi- 
caps, and it seems pertinent, therefore, to consider briefl 
the days in which flights were not completed in bot 
directions. There were 45 such days, not including Sun- 
days and holidays. A study of the meteorological con- 
ditions on those days indicates that 29 of them were very 
unfavorable for flight. One occurred in May, 2 in 
August, 1 each in September and October, and the re- 
maining 24 from November to March, inclusive. In all 
of these 29 cases there was widespread snow or rain, the 
former prevailing on 13 days. It can not be denied, 
however, that several of these days were no more unfavor- 
able than were several others during the year on which 
flights were completed in both directions, and it seems 
fair to assume, therefore, that other causes contributed in 
part at least to some of these failures. These “other 
causes,’ which may include accidents to the planes, 
engine trouble, etc., were almost certainly responsible for 
failures on the remaining 16 of the 45 “flightless” days, 
since meteorological conditions were good along most of 
the route on those days. If we include these 16 days 
with the annual total of 261 in Table 9, we would have a 
ercentage of possible flights amounting to 90.5. If we 
urther assume that flights could have been made on half 
of the 29 unfavorable days (and this is an entirely justi- 
fiable assumption, based on a comparison of those days 
with several other worse days on which flights were made) 
the percentage would be 95.1.° 
Before leaving this part of the subject it is believed 
worth while to discuss Reielly the year as a whole, so far 
as weather in the region between New York and Chicago 
is concerned. Temperature was practically normal in 
January, August, and November; in other months there 
was an excess of 2° to 6° F., the average for the year 
being about 3° F. above normal. There were no large 
abnormalities in precipitation: May and July were close 
to normal, March, April, and August to November had a 
slight excess; and June, and December to February, a 
small deficiency. Inno case was the departure more than 
1.5 inches ina month. For the year the total was about 
2 inches above normal. When we consider storm move- 
ment, however, we find considerably greater activity than 
in most years, only one month, June, showing less. We 
have already commented on this feature of the weather 
in November. For the year as a whole, cyclonic areas were 
about 60 per cent more frequent than normal. Although 
there were no more than the usual number of storms of 
marked severity, the large number of moderate storms 
necessarily produced more frequent changes in weather 
and a greater amount of cloudiness than would be expe- 
rienced in most years. Hence, it can be stated quite 
definitely that the year under consideration provided a 


5 This assumption finds further support in a recent report of the Air Mail Service, 
hte aren “A is shown that during the calendar year 1922 an efficiency of 95.5% was 
ained. 
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rather more severe test for flying between New York and 
Chicago than would the normal year, and it seems reason- 
able to conclude that, so far as weather conditions are 
concerned, flights could be made in both directions be- 
tween New York and Chicago more than 95 per cent of the 
time. This statement does not refer to the maintenance 
of any particular time schedule—a subject to which we 
shall now turn our attention. 

Average, highest and lowest speeds for the westward 
and eastward flights and for the months, seasons, and the 
ed as a whole, are shown in the last 6 lines of Table 9. 

rom an operation standpoint it is of value to consider 
each day’s flights in connection with the meteorological 
conditions, but such detailed discussion is of course out 
of the question. It has been deemed worth while, how- 
ever, to consider briefly the extreme cases, and the results 
of this examination are presented in Table 10. 


TABLE 10.— Meteorological conditions on days when highest and lowest 


speeds were made. 
Season. | Speed. Date. Meteorological conditions. 
Highest speeds westward. 
M. p. h. 
Spring....| 111.9 | May 27,1922 | Easterly winds and clear weather. Aigh north of 


Lake Superior. 

Summer..; 104.1 | June 2,1921 | Light easterly winds and clear weather. High over 
New England; low over Wisconsin. 

Autumn. .| 119.0 | Oct. 26,1921 | Easterly winds and clear weather. High over St. 


Lawrence Valley. 
Winter....} 114.1 | Jan. 27,1922 Do. 
Lowest speeds westward. 
Spring...-| 70.9] Apr. 20,1922 | Strong westerly winds and cloudy weather. Vig- 
orous low over St. Lawrence Valley. 
Summer..} 73.2 | June‘ 13,1921 | Moderate westerly winds and partly cloudy weather 


with some thunderstorms. Moderate low over 
ro Lawrence Valley; moderate high in Southern 
ates. 

Autumn..| 65.9 | Sept. 22,1921 | Strong westerly winds and clear weather. Vigor- 
ous low north of Great Lakes, with steep pressure 
gradient south to north. 

Winter....| 68.7] Jan. 5,1922 | Strong westerly winds and stormy weather. Vig- 
orous low east of Lake Huron. 


Highest speeds eastward. 


Spring....} 130.5} Apr. 20,1922 | (See under ‘‘ Lowest speeds westward.’’) 
Summer..| 111.9} Aug. 18,1921 | Strong northwesterly winds and partly cloudy 
weather. Vigorous low over St. Lawrence Val- 


ley. 
Autumn. .| 136.3 | Oct. 22,1921 | Strong westerly winds and clear weather. Vigor- 
ous low north of Lake Huron, with steep pres- 
sure gradient south to north. 
Winter....| 129.4] Jan. 4,1922 | Strong southwesterly winds and comparatively 
clear weather. Vigorous low over Manitoba. 


Lowest speeds eastward. 


Spring....| 76.6 | Apr. 17,1922 | Strong southerly winds and stormy weather. Vig- 

orous low over Michigan. 

Summer. . 64.3 | July 6,1921 | Light variable winds and occasional thunder- 
storms. Typical ‘‘flat map.” 

Autumn. . 79.1 | Sept. 15,1921 | Light, variable winds and cloudy weather. No 
pronounced — or low. 

Winter....| 84.6] Jan. 27,1922 | (See under “‘ Highest speeds westward.’’) 


NoTe.—The terms ‘‘high” and ‘‘low”’ refer to centers of high and low pressure, 
respectively. A high north, or a low south, of the course is accompanied of easterly 
winds along that course; the reverse position of high or low brings westerly winds. 
The relation between the location of high and low pressure and the highest and lowest 
speeds attained in flight is well brought out in the figures and remarks above given. 


This table shows a striking similarity in the weather 
conditions that are responsible for high and low speeds in 
each direction, viz., strong tail winds with clear weather 
and strong head winds with stormy weather respectively. 
Two apparent exceptions are noted, on July 6 and Sep- 
tember 15, 1921, under “Lowest speeds eastward.” 
Light variable winds prevailed in each case and the 
weather was fairly good. It is probable that other 
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causes, e. g., engine trouble, etc., contributed to these 
two delays. The highest speed attained in the year, 
136.3 m. p. h., on October 22, 1921, was made under 
almost ideal conditions—clear weather and pressure lines 
close together and nearly paralleling the latitude. 

Reverting now to Table 9, we find that the seasonal 
variation in the average speeds maintained is very simi- 
lar to that for the entire course between New York and 
San Francisco, as shown in Table 2. This variation has 
already been discussed (third paragraph, following Table 
4) and need not be referred to further here. e shall 
now take the seasonal values and the annual mean and 
compare them with resultant winds, as determined by 
means of observations with kites and balloons. The 
seasonal and annual means are taken from Table 9. The 
normal cruising speed and the wind factor are then de- 
termined, as already indicated in the discussion following 
Table 2. Finally the resultant wind for each season has 
been computed in the same way as has that for the year, 
using the kite and balloon records referred to in the para- 
graph preceding Table 3. These records serve the pres- 
ent purpose even better than the more general one, i. e., 
the entire transcontinental course, since they were ob- 
tained at stations all of which are comparatively near the 
Chicago to New York part of the route. The data above 
outlined are assembled in Table 11. 


TABLE 11.—Mean seasonal and annual speed of flights, m. p. h. between 
New York and Chicago; also, comparison between wind factor de- 
termined therefrom and resultant wind from aerological observations. 


Spring. |Summer.|Autumn.| Winter. || Annual. 


Average speed: M.p.h. | M.p.h. | Mip.h. | M.p.h. || M.p.h. 
New York-Chicago............ 90. 3 86.0 85. 2 87.4 87. 2 
Chicago-New York............ 100.7 92.3 101.3 106.8 100.3 

Normal cruising speed............ 95.5 89. 2 93. 2 97.1 93.8 

Wind factor from data above given. 5.2 3.2 8.0 9.7 6.6 

Resultant wind from kiteand pilot 

balloon records. .........-+-++-+ 5.4 5.6 8.7 10.7 || 7.4 


| 


The annual cruising speed, 93.8 m. p. h., in line 3 of this 
table is in striking agreement with that found for the 
entire route between New York and San Francisco, viz., 
93.0 m. p. h. This slight difference is of no real signifi- 
cance, but it may be remarked that the higher value for 
the eastern section of the course is probably due to the 
exceptionally favorable conditions for westward flight 
in the month of May, a a higher average speed 
than was maintained in any other month. (See Table 9.) 
It seems proper to make some allowance for this, and we 
shall therefore continue to use 93 m. p. h. as the normal 
cruising speed. The values in the table show a seasonal 
variation, but this does not mean that the normal cruisin 
speed itself varies. Rather, in winter the winds from al 

irections are stronger thaninsummer. In winds approxi- 
mately parallel with the course, the’ assistance in one 
direction is offset by the resistance in the other, or nearly 
so; but in many cases cross winds prevail and it then be- 
comes necessary to increase the speed of the airplane in 
both directions, the result being to give a mean speed 
which is somewhat higher than the annual cruising speed. 
In summer, the delays are caused to a less extent by 
winds than by thunderstorms, squalls, etc., which neces- 
sitate flying off course. Such delays are experienced in 
both westward and eastward flight, and result in cutting 
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down the average speed somewhat below the normal 
cruising speed. "The variations are not large, however, 
amounting to less than 5 m. p. h. in each season. Even 
the monthly values, though based on a small number of 
cases, show almost peta satisfactory agreement, as 


follows: 
Average m. p.h. 


The last two lines of Table 11 give a comparison of the 
wind factor, indicated by mean westward and eastward 
speeds, and the resultant winds, as observed by means of 
kites and balloons. Except in summer the agreement is 
close, the resultant wind being slightly the higher of the 
two in all seasons. In summer various factors of uncer- 
tainty, already referred to, such as_ thunderstorms, 
squalls, etc., tend to mask the effects of winds which for 
the most part are light and variable. It is therefore not 
surprising to find a fairly large difference in this season. 
The agreement in the means for the year is excellent, 
each being close to 7 m. p. h., which is the value already 
used for the entire transcontinental route. 

In Tables 12 and 13 the Air Mail records are presented 
in such form as to show the number and percentage of 
flights that were made at or above different average 
speeds. ‘The figures in the second column of the tables 

ive the equivalent duration of the flights in hours and 
undredths. 


TABLE 12.—Number and percentage of flights made from New York to 
Chicago at or above different average speeds. 


(mph). @ | @ |< | | aj}<|F|< 
| Number of flights. Percentage of total number. 
| 
| 
| Hrs. } 
0 0 0 0 0 || 0.0! 0.0} 0.0; 0.0 | 0.0 
| 6.53 0 0 1 0 1|| 0.0; 0.0) 1.6) 0.0! 6.4 
6. 64 0 0.0/ 0.0] 1.6) 0.0| 0.4 
6.75 0 0 1 0 0.0, 0.0) 1.6, 00) 0.4 
6. 88 0 0 1 1 0.0) 1.6) 18) 08 
7.00 2 0 1 2 1.61 36] 1.9 
7.13 2 0 2 2 3.0| 3.2] 36) 2.3 
7.26 5 0 2 3] 7.5) 0.0] 3.2] 53] 3.8 
7.40 7| 3] 6] 16//104| 00} 10.7 | 6 
7.55 9 1 3 6} 48/107] 7.3 
7.70 || 15 2 6 7} 22.4) 9.7) 12.5| 1.5 
7.86 || 22 8 9] 49} 32.8] 10.5 | 14.5 | 17.8] 18.8 
8.02 || 27] 11} 10] 12| 60 40.3 | 14.5 | 16.1 | 21.4} 23.0 
8.19 || 30] 17] 10] 15| 72 || 44.8 | 22.4] 16.1 | 26.8) 27.6 
8.37 || 35] 20) 17] 19/ 91 52.2 | 26.3 | 27.4 | 33.9 | 34.9 
8.56} 42] 28] 21] 22) 113 || 62.7 | 36.8 | 33.9 | 39.3) 43.3 
8.75 || 43] 34] 26} 24) 127 || 64.2) 44.7 | 41.9 | 42.8) 48.6 
8.95 || 46] 36] 30] 142 || 68.7 | 47.4 | 48.4 | 53.6) 54.4 
9.17 || 44! 371 162 || 71.6 | 57.9 | 53.2 | 66.1 | 62.1 
9.39), 53] 52) 40] 43] 188 | 79.1 | 68.4 | 64.5 | 76.8| 72.0 
9.62 || 55] 58| 47| 46| 206 || 82.1| 76.3 | 75.8 | 82.1| 78.9 
9.87 || 56] 50} 217 || 83.6 | 82.9 | 80.6 | 85.7) 83.1 
10.13 || 61] 73] 55 | 52} 241 || 91.0 | 96.0] 88.7 | 92.8] 92.3 
, 110.41 || 65] 74] 56] 52] 247 || 97.0 97.4 | 90.3 92.8 | 94.6 
110.69 || 66] 76| 57] 53] 252 || 98.5 100.0 | 91.9 | 94.6 | 96.5 
11.00 || 67| 76] 59] 55 | 257 ||100.0 100.0 | 95.2 | 98.2] 98.5 
11.32 || 67] 76| 56 \'100.0 |100.0 |198.4 100.0} 99.6 
11.67 || 67] 76] 62| 261 {100.0 100.0 |100.0 {100.0 | 100.0 
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TasLE 13.—Number and percentage of flights made from Chicago to New 
York at or above different average speeds. 


h.) | n < < < < 
Number of flights. Percentage of total number. 
Hrs. 
5.58 0 0 0 0 0.0! 0.0] 0.0} 0.0) 0.0 
5. 66 0 0 1 0 1 6.0 0.0 0.9 
5.75 0 0 1 0 1 
7. ee 5.83 0 0 1 0 1 2.0 0.0 1.6 0.0 0.4 
5.92 1 0 1 0 1. i i 
| ees 6.02 2 0 4 2 8 || 3.0 0.0 6.4 3.6 3.1 
| 6.11 21-9 4 2 8 || 3.0] 00] 6. 
| 6.21 3; o| 4] 5] 45) 00} 64| 89] 46 
5| 0 6 5| 7.5] 00] 97) 89] 6.1 
| 6.42 6 0 6 9} 21 || 89) 0.0] 97/161] 80 
| 6.53 7 0 7| 10} 10.4} 0.0] 11.3) 17.8] 9.2 
| 6.64 7 12] 14] 104 0.0 19.3 25.0 12.6 
| 6.75 9 0 14 17 40 13.4] 0. .6 | 30. 
0) 16] 18| 46 0.0 | 25.8 | 321] 17-6 
T 5| 17| 24] 20.9] 6.6 | 27.4 | 42.8 
| (7213) 17/ 5| 20] 28| 70|/ 25.4] 322] 50.0| 26.8 
| 7.26 18 7| 22| 26.9] 9.2] 35.5 | 57.1] 303 
17.40 || 26] 11| 25] 36] 98 38.8 | 14.5 | 40.3 | 64.3} 37.5 
(7.55 || 37| 20) 27] 42] 126 || 55.2 | 26.3 | 43.5 | 75.0] 48.3 
| 7.70 |) 41) 28) 35 | 43) 147 |) 61.2 | 36.8 | 56.4 | 76.8) 56.3 
| 7.86 || 43) 38] 44] 159 || 64.2] 44.71 61.3 | 78.6] 60.9 
8.02 46) 34) 44) 45) 169 | 68.6 | 44.7 71-6 | 0.3 64.7 
| 8.19 | 51| 47] 181 || 76.1 75.8 69.3 
8.37 || 41] 49] 50] 194 || 80.6 | 53. 
| 8.56) 56) 48) 54) 212 | 83.6 | 63.1 | 87.1 | 96.4] 81-2 
18.75 || 59} 52! 55] 55] 221 || 88.0] 68.4] 88.7!198.2] 84.7 
8.95 || 60) 58| 55] 55 | 228 || 89.5 | 76.3 | 88.7] 98.2] 87.3 
62] 63) 58] 56| 239 || 92.5 82.9! 93.5 |100.0] 91.6 
239] 65) $6) 940) 855 952 1000) 93.1 
19.62 || 64] 67) 56 | 247 || 95.5 | 88. 
_ | 9.87 69 | 56} 252) 97.0 90.8 {100.0 |100.0 | 96.5 
10.13 || 67] 69) 56| 254 100.0 90.8 |100.0 [100.0 | 97.3 
10.41 67] 73) 62! 56) 258 100.0 96.0 |100.0 |100.0} 98.8 
110.69 | 67] 74) 62| 56 | 259 |100.0 97.4 |100.0 {100.0 | 99.2 
11.00 || 67] 75) 62] 56 | 260 |100.0 98.7 |100.0 {100.0} 99.6 
111.32 || 671 75! 62) 56 | 260 ||100.0 | 98.7 |100.0 {100.0} 99.6 
11.67 67] 75, 62| 56) 269 | 100.0 98.7 |200.0 [100.0 | 99.6 
67| 76| 56] 261 200.0 100.0 |100.0 |100.0 | 100.0 
| | | | 


The figures in the bottom line of columns 3 to 7 inclu- 
sive in each table represent the total number of flights 
made. The percentage of delayed flights for the sched- 
ules given in the first two columns may be readily 
obtained by subtracting from 100 the values in the five 
columns at the right of each table. 

The seasonal variation is well shown by these data. 
It is of course greatest for the highest speeds since the 
latter result from strong assisting winds, and these occur 
most frequently in the winter half of the year. From an 
operation standpoint, as already stated, we are most 
interested in speeds that can be maintained a large part 
of the time and at these lower speeds, 75 to 80 miles per 
hour, the seasonal variation is small. This being the 
case, it seems scarcely necessary to determine for each 
season, the allowance that should be made for head winds, 
more particularly since in any aviation enterprise involy- 
ing day to day flight bids must be made and contracts 
placed on a yearly basis. Considering then only the annual 
percentages we have plotted these, i. e., the figures in the last 
columns of Tables 12 and 13, in figures 2 and 3 respectively. 
Ordinates represent the percentages of flights that were 
made at or above the speeds indicated by abscissae. 

The curve in figure 2 shows that approximately 50 per 
cent of the flights were made at a speed of 86 m. p. h. or 
more, which is the normal cruising speed less the resultant 
wind, 0.85S—R; and about 30 per cent were made at or 
above the normal cruising speed, 93m. p.h. These latter 
represent flights in which material assistance was realized 
from easterly winds. The part of the curve to the right 
of 93 m. p. h. indicates flights whose speed was cut down 
by westerly winds. In both cases the exact relation of 
the a airspeed to the resulting ground speed must 
be chosen somewhat arbitrarily, since, as already stated, 
with tail winds pilots may ease up on the motor, and with 
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head winds the airplane’s cruising speed may be increased 
in proportion to the strength of those winds, until its 
limit has been reached, viz, S=110 m. p. h. Most 
interest, of course, lies in the upper part of the curve, 
that showing a high percentage. If arrival on or ahead 
of schedule 95 per cent of the time is taken as a satisfac- 
tory operating performance, inspection of the curve indi- 
cates that this would be realized, in the case of the Mail 

lanes, with a schedule based on a speed of 74 m. p. h. 

his means, if we still assume S=110, that 5 per cent of 
the time there occur head winds exceeding a speed whose 
value we can readily determine from aerological observa- 
tions. 

The kite and balloon records which have been used in 
the early part of this paper have been examined for the 
present purpose also and as a result it is found that at 
an altitude of 1,500 feet a wind with a west component 
of 36 m. p. h. or more occurs 5.2 per cent of the time. 
If this value, 36, were placed at the bottom of the figure 
under the ground speed of 74, and other wind speeds were 
proper! aced with reference thereto, the zero point 
would A pose use 110, from which it is evident that the 
latter value represents very closely the high cruising 
speed of the planes, as originally deduced from the 
— that the normal cruising speed, 93, is 85 per 
cent of the high cruising speed. It should be distinctly 
borne in mind that with lower wind speeds the speed 
of the planes is likewise lowered and that therefore the 
wind scale does not fit the curve except for high winds 
which it is necessary to overcome by letting out the motor 
to its limit. For lower wind speeds the zero of the scale 
would shift successively to the right, until it reached 
93 m. p. h. for no wind. With easterly, i. e., tail winds, 
the zero would:again shift slightly to the right, the 
amount depending upon the strength of those winds, 
and the wind scale would increase in reverse direction, 
i. e., from right to left. With a shifting zero it would be 
difficult to evaluate the wind effect for the lower speeds 
and fortunately it is not necessary to do so, since interest 
is centered almost entirely in a high percentage of sched- 
ule maintenance. It is believed worth while, however, 
to endeavor to justify the assumption of a shifting zero, 
and for this purpose the kite and balloon records already 
used in this paper have been examined with a view to de- 
termining what percentage have a west component, 1. e., 
are from any direction between N 1° W and S 1° W, 
regardless of speed. These records give the following 


results: 
Percentage of winds 
with west components. 


The remaining 30 per cent include calms and winds 
with an east component. It has been stated that with 
no wind the zero of the scale at the bottom of figure 2 
would fall under the ground speed of 93. If this be so, 
then the curve at the abscissa of 93 should have an 
ordinate of 30. In reality it passes through 31—an 
agreement which sufficiently justifies the assumption 
as to the shifting zero. } 

In confirmation of the statement that with very high 
winds advantage is taken of the plane’s maximum spee 
of 110 m. p. h. it may be added that kite and balloon 
records show that winds with a west component of 42 
m. p. h. occur 2.0 per cent of the time, whereas the curve 
in figure 2 indicates 0.4 per cent. Under the conditions 
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specified, therefore, viz., that the normal cruising speed, 
93 m. p. h., is 85 per cent of the maximum that can be 
maintained over the whole course and that allowance 
is made for winds with a west component of 36 m. p. h. 
a flight speed of 74 miles per hour or better can be guar- 
anteed 95 per cent of the time. 

The curve in figure 3 furnishes information for east- 
ward flight similar to that in figure 2 for westward flight. 
The significance of the wind effect is well brought out 
by a comparison of the two figures. Figure 3 indicates 
that ct per | 50 per cent of the flights were made 
at a higher speed than 100 m. p. h. and that in about 70 
per cent the normal cruising speed, 93 m. p. h., was 
exceeded. The part of the curve to the left of 93 rep- 
resents flights in which material assistance was exper- 
ienced from tail, i. e., westerly winds; that to the right, 
those flights whose speed was cut down by easterly winds. 
In the upper part of the curve we find that 95 per cent 
of the flights were made at or above a speed of 80 m. p. h. 
An examination of kite and balloon records shows that 


GROUND SPEED, (MP.H.) 
4 100 96 92 88 
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that can be kept 95 per cent of the time. The results 


are shown in Table 14 and in figures 4 and 5. 


TABLE 14.—Time schedules for flights between New York and Chicago. 


Westward flights. Eastward flights. 
High 
cruising | oryising 
speed eed (S) Allowance Tim Allowance Ti 
(0.858). | SP for wind | for wind 
(S—36). schedule. (S—20). schedule. 
Hours. Hours. 
50 59 23 33. 48 39 19. 74 
60 71 35 22. 00 51 15.10 
70 82 46 16.74 62 12. 42 
80 94 58 13. 28 74 10. 41 
90 106 70 11.00 86 8.95 
93 109 73 10. 55 89 8.65 
100 118 82 9.39 98 7.86 | 
110 129 93 8.28 109 7.06 | 
120 141 105 7.33 121 6. 36 
130 153 117 6. 58 133 5.79 
140 165 129 5.97 145 | 5.31 
150 176 140 5. 50 156 | 4.93 


An inspection of the figures brings out very 
clearly the difficulties of the westward trip for low- 

‘ speed aircraft. With a normal cruising speed of 
50 m. p. h. almost twice as much time would be 


required as for the eastward trip. The importance 
of the wind factor diminishes of course with the 


higher cruising speeds, and with values of the latter 
above 100 m. p. h. the difference in the two direc- 


tions is not large, amounting to about 14 hours at 
100 m. p. h. and slightly more than half an hour at 


150 m. p h. In all cases we are assuming that 
against high head winds the speed of the aircraft 


can be increased from 0.85S to 8. 


In the foregoing discussion no allowance has been 
made for service stops or for change in time. We 


have considered only the actual time during which 
the planes were in the air. As stated in the report, 


quoted in part at the begining of this paper, the Air 
Mail Service at present consists of a relay advance 
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of mail from New York to Cleveland, Cleveland to 
Chicago, and soon. In addition, 20-minute service 


stops are made at Bellefonte, Pa., and at Bryan, 


Fig. 2. Percentage of trips made from New York to Chicago, 770 miles, at different average Ohio. Thelen gth of time require d for st ops in com- 


speeds with airplanes whose normal cruising speed is 93 miles per hour. 


winds with an east component of 20 m. p. h. or more 
occur 4.9 per cent of the time. If this value were placed 
under 80 and the scale extended to its zero, the latter 
would fall under 100 instead of 110 as in figure 2. This 
is not surprising; it means simply that in eastward flight 
it is seldom necessary to bring into play the reserve power 
of the motor, or at any rate an appreciable part of it. 
As in figure 2, a second point on the curve has been 
compared with the kite and balloon records. The latter 
give 2.4 per cent as the frequency of winds having an 
east component of 27 m. p. h., and the curve at this point 
indicates about 1 per cent. 


APPLICATION TO AIRCRAFT OF DIFFERENT SPEEDS. 


Having determined what may be called the “critical” 
wind speed for a 95 per cent schedule maintenance, we 
can now apply the results of this study to aircraft of any 
speed. At the present time the normal cruising speed 
of aircraft, including lighter than air, ranges approxi- 
mately between 50 and 150 m. p. h. Still assuming that 
this normal cruising speed is 85 per cent of the maximum 
ns that can be maintained, we can quickly compute 
the latter and from it deduct the wind for which allow- 
ance must be made, viz., 36 m. p. h. for westward, and 
20 m. p. h. for eastward flight. This value divided into 
770, the length of the course, gives the schedule in hours 


mercial aviation would vary according to the char- 
acter of the service rendered. If this were for mail, ex- 
press or passenger transportation the stops would prob- 
ably be short, but if for — they would necessarily 
be somewhat longer. Probably one stop would be sufli- 
cient—that at Cleveland. As a working basis we can 
assume that it would be one hour. It is to be -noted 
that the relative importance of this, since it is a con- 
stant, increases with the higher speed aircraft. 
In a commercial sense the wind factor is offset—to 
a considerable extent for low cruising speeds and com- 
letely so for high—by the change in time. For instance, 
Kable 14 shows that the schedule for a normal cruising 
speed of 90 m. p. h. is 11 hours from New York to Chicago 
and practically 9 hours in the opposite direction. Includ- 
ing one hour for service stops, these become 12 and 10 
hours respectively. By the clock, however, (and this 
is the important consideration in business) the trip 
is made in each direction in 11 hours. Thus, mail 
leaving the Terminal Fields at each city at 8 p. m. 
arrives at the other on the following morning at 7 a. m. 
Applying the change in time to the values in columns 
4 and 6 of Table 14 and making an allowance of 1 hour 
for stops, we have the revised schedule given in Table 15 
and in figure 6.° 


6 Commercial enterprise would have to add to this the time required to reach the 
Terminal —" from the center of town, at both terminals, in making comparison with 
rail schedules. 


Le 
d 
ts 
st 
J 
of 
\- 
se 
— 
5 
r 
a 
’ 
; 
r 
‘paws 


122 MONTHLY WEATHER REVIEW. 


TaBLe 15.—Time schedules for flights between New York and Chicago 
Terminal Landing Fields, including 1 hour for stops and allowing for 
change in time. 


| Time in hours. 
Normal 
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all the days in the year and that 95 per cent of those 
flights are made in accordance with the schedules shown 
in figures 4 and 5, we have 90.2 as the final percentage 


of schedule maintenance throughout the year. It is to 
be noted in figures 2 and 3 that the amount of delay in 


overcoming the effects of 


e 90.2, will be increased accord- 


“speed.” | New York | Chicago to those flights, 5 per cent of the total, that would fail to 
hondememmencoth tanadeeliniacns arrive within the schedule, is not large, and it is worth 
of remark that other means of transportation, rai 

=| aa steamship, motor truck, etc., are themselves subject to 
occasional delays. Finally, if the number of complete 
90 11.00 10.95 ' failures can be reduced by 
unfavorable weather (again not including the wind 
factor), the normal of schedule mainten- 
| 140 | 5.97 7.31 ance here shown to 
| 150 | 5.50 6. 93 ingly. 
GROUND SPEED, (MPH) 
100, 136 132 128 124 120 116 112 108 104 100 96 92 88 64 80 76 = 72 68 © % 
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Fic. 3. Percentage of trips made from Chicago to New York, 770 miles, at different average speeds with airplanes 
whose normal cruising speed is 93 miles per hour. 


From the table and curves it is apparent that, with 
aircraft of high cruising speed, advantage lies with the 
westward trip, so far as commercial service is concerned. 


It must be distinctly understood that the data given 
in figures 2 to 5 and in Tables 14 and 15 have reference 
solely to those days during the year on which flights 
were completed in both directions. As shown in Table 9, 
these days constituted 85.3 per cent of the total. Failures 
on 14.7 per cent of the days were due to various causes, 
such as bad weather (not including high winds), motor 
trouble, necessity for repairs to the plane en route, ete. 
As has already been indicated some of these causes of 
failure. will become nonexistent with improvement in 
equipment and in facilities for handling aircraft at 
landing fields. It has also been shown that the weather 
was no more unfavorable on some days when failures 
were recorded than on others when flights were successful. 
Finally, in a few cases flights were completed in one 
direction only. If these latter were included, the per- 
centage would become 86.3 for the westward, and 87.2 
for the eastward trip. On the basis of the points above 
briefly reviewed we have previously stated that a con- 
servative estimate would place the unavoidable per- 
centage of failures to complete flights at no more than 5. 
Assuming, then, that flights are made on 95 per cent of 


THE GENERAL WIND CURVE FOR DETERMINING VARIOUS 
SCHEDULES. 


Figures 4 to 6, inclusive, represent the application of 
the preceding analysis to a particular percentage per- 
formance of aircraft over a definite route, that between 
New York and Chicago. It may be desired to determine 
schedules based on other performances, greater or less 
than 90 per cent and for different lengths of routes. 
For this purpose figure 7 has been prepared to show the 
number of times during a normal year that east or west 
winds of varying strength occur. e following example 
will indicate how this curve may be applied: 

An aircraft with a normal cruising speed of 80 m. p. h. 
and a high cruising speed of 90 m. p. h. is to be operated 
over a route 1,000 miles in length. It is desired to 
determine what percentage of the trips will be made ina 
flying time of 13 hours or less. (To compare with train 
schedules, the length of time to get from the terminal 
cities to the terminal airports, time consumed in any 
stops en route, and the change in clock time going east 
or west must of course be added to the flying time.) 
From figure 7 we read that a wind from the west of 
13 m. p. h., or more, occurs 30 per cent of the time. 
Assuming that the aircraft maintains its high cruising 
speed of 90 m. p. h. over the entire distance, the resultant 
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ground speed will therefore be 77 m. P h., or less, for 
30 per cent of the westbound trips. Dividing the dis- 
tance traveled, 1,000 miles, by this ground speed the 
flying time is found to be just 13 hours. Hence it is 
determined that such an aircraft could maintain a 13- 
hour schedule 70 per cent of the time. The exact 
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(a) The percentage of time abnormally strong east or 
west winds occur, as deduced from (1) kite and balloon 
records, (2) westbound flights, and (3) eastbound flights, 
agrees very closely. 

(b) The percentage of time west winds of moderate 
strength occur, as deduced from westbound flights, is 
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Fig. 4. Curve showing schedules for flight from New York to Chicago, 770 miles, that can be guaranteed 90 per cent of 
the time for aircraft of different normal cruising speeds. Allowance made for head and cross winds; no allowance 


made for service stops or change in time. 


amount of delay due to wind which would be encountered - 


during any proportion of the remaining 30 per cent of 
the trips may be similarly read from the curve. During 
30 per cent of the trips the curve indicates that there 
would be a favoring wind on west-bound flights. The 
exact amount which the airspeed of the aircraft can be 
reduced, and still arrive within 13 hours, can be read 
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Fic. 5. Curve arpony | schedules for flight from Chicago to New York, 
770 miles, that can be guaranteed 90 per cent of the time for aircraft 
of different normal cruising s s. Allowance made for head and 
cross winds; no allowance made for service stops or change in time. 
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from the curve, thereby determining the amount of 
fuel which may be saved by running the engines throttled. 
Similar calculations may be made for east-bound flights 
and for aircraft of different cruising speeds, or for dif- 
ferent lengths of routes. 

Figure 7 brings out strikingly several features already 
ee to in the text, of which three are of particular 
interest: 


consistently lower by two or three miles than that 
deduced from eastbound flights. This is exactly what 
would be anticipated, as explained in the text following 
Table 2. The point where the wind curve passes from 
west to east is especially interesting; kite and balloon 
records show this to be at 70 per cent (see text following 
Tables 12 and 13); westbound flights are able to avoid 
west winds a small fraction of the time by fiying at a 
lower altitude and thus pass from the region of west 
winds to east at the point 67 per cent (see Figure 2); 
eastbound flights prolong the region of westbound, 
favoring winds slightly by flying at a higher altitude 
and thus pass from west to east winds at 73 per cent 
(see figure 3). 

(c) Finally, the percentage of winds determined from 
kite and balloon records is in almost every instance 
slightly greater than that deduced from either east or 
westbound flights. This is exactly what would be ex- 
pected since the flying records give the resultant effect 
of the winds occurring along the route during all the 
hours of the flight, whereas the kite and balloon records 
show only the winds over a fixed point at the time of 
observations, not what may be denoted as the “inte- 
grated” wind effect. 

It should be noted that figures 2 and 3 showing the 
ground speed of Mail planes on west and east flights, 
respectively, can not be used directly to give the wind 
percentages of figure 7 until some assumption is made 
as to the actual average airspeed maintained by the 
planes when flying “gee a strong opposing wind or 
with a strong favorable wind. This actual airspeed will 
vary, as already explained, from the highest — 
speed which the plane can maintain, down to a spee 
somewhat less than the normal cruising speed when 
flying with an especially favorable wind. The determi- 
nation of this actual average airspeed, within the limits 
mentioned, for varying wind conditions must be some- 
what empirical, as no record of the actual airspeed is 
kept by the Air Mail, nor is the airspeed of a plane likely 
to be maintained constant throughout an entire flight. 
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The evaluation of this “shifting zero” from the normal 
cruising airspeed may, however, be made from a knowl- 
edge of the practice of pilots when flying a route with 
favoring or opposing winds. In the present instance a 
smooth curve has been drawn (not reproduced, however, 
in the published figures) on figures 2 and 3 paralleling 
the normal cruising speed line where the winds encoun- 
tered are only a de miles opposing or favorable, and 
passing through the point where no winds occur—that is, 
where the normal cruising speed equals the plane’s 
resultant ground speed. As opposing winds of increasin; 
strength are encountered, the as is increased towar 

the high cruising speed, 110 m. p. h.; as favorable winds 
of increasing strength are encountered the average air- 
speed is assumed to decrease toward a throttled speed 
of about 85 m. p. h. The exact choice of these airspeeds 
is not important, as any other reasonable assumption in 
fair accord \/ith actual practice would not appreciably 
change the wind values shown in figure 7. The impor- 
tant fact about figure 7 is the remarkable check it pre- 
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for a period of one year, furnish reliable data for the 
determination of the wind factor, and (6) that this factor 
can be known before any flights are made, if free-air wind 
data from observations with kites and balloons are avail- 
able. These data make possible the computation of result- 
ant winds, whose average effect on flights can be readily 
calculated from their direction and speed and from the 
direction of the course and the speed of the aircraft. 

5. Failures to complete flights in both directions 
between New York and Chicago occurred on about 15 
per cent of all scheduled days. A study for the year 
shows that the weather conditions were unfavorable some- 
what more frequently than normal, and furthermore 
that some of the failures were not due to weather, but 
to other causes, such as engine trouble, etc. From these 
considerations it seems safe to conclude that, in an average 
year, with added experience and with improvements in 
er landing fields and communication, flights 
could be made in both directions at least 95 per cent of 
the time. 
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Fic. 6. Curves showing schedules for westward and eastward flight between New York and Chicago, 770 miles, that 
can be guaranteed 90 per cent of the time for aircraft of different normal cruising speeds. Allowance made for head 
and cross winds; for 1 hour service stops each way; and for change in time. 


sents between westbound and eastbound flights and the 
results of kite and balloon records. 


SUMMARY AND CONCLUSIONS. 


1. From an analysis of the Air Mail records it has been 
found that the wind factor for the route between New 
York and San Francisco is approximately 7 miles per 
hour from the west. 

2. A more detailed study of the New York to Chicago 
= of the route gives almost exactly the same wind 

actor as for the entire transcontinental route. 

3. The altitude of flight varies with different condi- 
tions of wind and weather, but on the average may be 
taken as 1,500 feet above the surface. On this assump- 
tion aerological observations that have been made by 
means of kites and pilot balloons have been summarized, 
and these indicate a resultant wind very closely agreeing 
with the wind factor determined from the flight records 
themselves, the difference being less than 1 mile per hour. 
This agreement is close, not only in the annual means, 
but is almost equally good in those for the four seasons. 

4. It follows from the three preceding paragraphs (qa) 
that regular flights in both directions between two points, 


6. An examination of kite and balloon records shows 
that winds with a west component of 36 m. p. h. or more 
and with an east component of 20 m. p. h. or more each 
occur about 5 per cent of the time. With these data 
and the known cruising speed of the aircraft, both normal 
and high, it is possible to determine time schedules 
which can be guaranteed on 95 per cent of the total 
number of days on which flights are made. Hence, 
including failures due to other causes, it follows that 
flights can be guaranteed to arrive on schedule on about 
90 per cent of all days. Since the wind factor is a 
constant, its importance decreases markedly with in- 
crease in the normal cruising speed of the aircraft. With 
the cruising speed less than 80 m. p. h. no great advantage 
can be claimed so far as this route is concerned, over 
the excellent railroad service now maintained. The 
wind handicap can rarely, if ever, be evaded by flying 
around high or low pressure areas in order to gain assis- 
tance from favoring winds, since these areas usually 
cover a wide territory, and the gain from winds would 
be more than offset by the greater distance flown, not 
to mention the disadvantages of unfamiliarity with the 
route, lack of landing fields, etc. 
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The results of this analysis, although based entirely 


on day-time flights, apply equally well to night flying. 
There is a small diurnal variation in wind speed at the 


PERCENTAGE OF TIME WEST WINDS OCCUR 
40 50 60 70 80 


60° 10 20 30 90 100 
© WESTBOUND, FROM FIG. 2 
@ EASTBOUND, FROM FIG. 3 
as % FROM KITE AND BALLOON RECORDS __ 
1330 
(a): 
10 
'(b) 
10 
B20 EXAMPLES. ° 
“ (a) WEST WINDS OF 22 MPH OR MORE 
OCCUR 15 PER CENT OF THE TIME 
” (b) EAST WINDS OF 7 MPH OR MORE 
| OCCUR 15 PER CENT OF THE TIME 
L 


“P00 90 80 70 60 50 40 30 20 10 0 
PERCENTAGE OF TIME EAST WINDS OCCUR 


Fic. 7. Annual percentage occurrence of east and west winds of different speeds along 
the New York-Chicago route. 


surface, with a minimum at night, but this variation 
ceases at a comparatively low altitude and at greater 
heights is opposite in phase. At the most, however, 
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its interest in aviation is purely academic since it amounts 
to only a small fraction of the total wind except on com- 
paratively quiet days. In stormy weather no variation 
at all is apparent. 

7. The results given in this paper are strictly applicable 
only to the Air Mail route between New York and San 
Francisco, and particularly to that portion of it between 
New York and Ehica 0. it has been shown that for that 
route the kite and balloon records make possible the 
determination of safe operating flight schedules. For any 
other route free-air obieinatiees made in that region 
should be used. The resultant wind for the year, and 
for the seasons also if desired, should be resolved into 
components parallel and perpendicular to the course. 
With these data and the cruising speed of the aircraft 
and with proper allowance for angle of drift the average 
wind factor can be easily computed. In determinin 
flight schedules that can be guaranteed any require 
percentage of the time, e. g., 95 per cent, the individual 
wind records should be examined to find out the speed of 
head winds, including the equivalent component effect 
of cross winds, that occurs the maximum percentage of 
the time delayed trips are permissible, e. B. in the 
present case 5 per cent. Thus, if the route is from north 
to south and vice versa, the components into which the 
winds should be resolved are north and south instead of 
east and west as in the present paper. 

8. The importance of meteorology to aviation is 
a recognized. ‘This recognition has as its primary 

asis the need for information as to weather conditions, 
current and predicted. The present study of the Air Mail 
records shows that the usefulness of meteorology is not 
thus limited, but that past data have almost equal value. 
In order to serve effectively both purposes there is urgent 
need for material extension in aerological investigations, 
comprising a network of stations well distributed and 
covering all parts of the country. 


WIND DIRECTIONS AND THE ORIENTATION OF SCHOOLHOUSES. 


By Nunn, Meteorologist. 


{Weather Bureau, Nashville, Tenn., April 18, 1923.] 


The purpose of this paper is to furnish information that 
may be useful in connection with the orientation, light- 
ing; and ventilation of schoolhouses in the Southern 

tates. 

There is an opinion, more or less prevalent, that it is 
essential in the Southern States to have the windows of 
schoolhouses on the south side, as a rule, in order to catch 
the prevailing breezes in the warm season. The question 
has arisen whether south winds prevail to such an extent 
as to justify such a rule, and whether the most advanta- 
geous arrangements for lighting and sunning schoolrooms 
should be sacrificed to any considerable degree in order to 
secure openings on the south. 

At the suggestion of Dr. F. B. Dresslar, of the depart- 
ment of health and sanitation, George Peabody College 
for Teachers, and special agent of the United States 
Bureau of Education, the writer undertook to gather 
statistics that would show the prevailing winds at various 
Weather Bureau stations for the hours 8 a. m. to 4 p. m., 
in the months of April, May, June, September, and Octo- 

er, covering the warmest part of the school year. Dr. 
resslar made an experimental investigation of the effects 
of various orientations of a model schoolhouse on the light- 


ing and sunning of rooms, which showed that windows on 
the west or east are most advantageous. 

Do southerly winds predominate to such an extent as to 
make it really important to have the windows of school- 
rooms on the south side? Or, are the prevalence of 
southerly winds and the advantages to be derived from 
them so slight as to be negligible when weighed against the 
advantages of better lighting and sunning of rooms 
secured with west or east windows ? 

A condensed table of the wind-direction statistics ob- 
tained is given herewith. The table shows the prevailing 
direction from which the wind comes during the hours 
given. When we say the “prevailing” direction is, for 
instance, southwest, we mean that the wind came from 
the southwest oftener than from any other of eight direc- 
tions. This does not mean that it was from the south- 
west most of the time; in fact, a prevailing wind, in the 
sense here used, might show only slightly more than one- 
eighth of 100 per cent of the whole, because the other 
seven directions might have been represented by almost 
one-eighth each. For example: the most frequent wind 
direction at Nashville, based upon records of many years, 
is northwest, but the general average percentage of times 
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that the hourly prevailing direction was from the north- 
west is only 20; while other directions are represented by 
10, 12, 13, etc., the lowest, 7 per cent, being east. 

At Weather Bureau stations the wind direction is auto- 
matically recorded each minute; but, in tabulating the 
data, the direction having the greatest percentage of 
time in any hour is given credit for that full hour, while 
all other directions represented get no credit. This 
method, evidently, will balance out fairly for each direc- 
tion in the course of time; so that, if records for a number 
of years are used, the time credited to each direction will 
be approximately correct. The table, therefore, may be 
soumioe as a fairly accurate, general presentation of the 

acts. 

In considering the data in the table, it should be re- 
membered that some stations have a much more pro- 
nounced prevailing direction than others; for example, 
Nashville has wind prevailing from the northwest during 
the hours given in April, with an average of 49 per cent, 
while New Orleans has southeast, with 68 per cent. 

The last column of the table gives the direction or 
directions found most often in the preceding columns for 
each station and may be considered as presenting the 
prevailing direction for the whole period for the hours 
8 a.m. to 4 p. m. of April, May, June, September, and 
October. But the question, which of these months are 
most important in this connection (ventilation of school 
buildings) must be considered, for it may be that the 
warmer months of May and June should be given greater 
weight, while the cooler months of April and October 
should be given less weight. It would be wise to con- 
sider the whole record at near-by Weather Bureau sta- 
tions, with an eye to the most important portions of the 
warm-weather period. 

The records show a rather mixed distribution of air 
movement over the Southern States, due principally to 
local topography and the varied conditions of exposure 
of wind vanes. But there are also regional characteris- 
tics of wind direction, due to geographical differences, 
the paths of general storms, and the distribution of mean 
temperature and mean atmospheric pressure. 

Topographical effect is shown clearly at Fort Smith, 
Ark., where the wind rarely blows for any length of time 
from any direction other than east, due to the trend of 
the valley in which the wind vane is located. This is the 
most conspicuous case of the kind among Weather Bu- 
reau stations in the Southern States, but doubtless other 
similar situations exist. In the highland and mountain 
districts of Tennessee, Georgia, the Carolinas, and Vir- 
ginia, the wind directions are evidently affected to some 
extent by the broken character of the land surface, 
ridges, and valleys; otherwise, it is difficult to account 
for some of the characteristics of the records at the 
several stations. The westerly component is prominent 
at Nashville, Knoxville, Atlanta, Asheville, Wytheville, 
and Lynchburg. 

The suggested regional distribution may be grouped as, 
(1) the States of Arkansas, Oklahoma, Texas, Louisiana, 
southern Mississippi, and western Alabama, where south- 
erly winds, especially south and southeast, predominate 
decidedly throughout the period; (2) the eastern half 
(roughly) of the States of Vir inia, North Carolina, South 
Carolina, Georgia, southern Alabama, and all of Florida, 
where the prevailing winds in spring and early summer are 
from the southwest and in September and October from 
the northeast; (3), the remaining portions of the South- 
ern States, embracing Tennessee and the highlands and 
mountainous portions of Georgia, the Carolinas, and Vir- 
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ginia, where the westerly component (southwest, west, 
and northwest) predominates. 

Means or averages of the data in the table, covering 
the whole area, are probably of little value. It is diffi- 
cult to compute a correct mean from these data, as the 
sections of the area are disproportionately represented. 
However, it may be stated that, considering all the data 
in the table, we find that southwest is the most frequent 
direction recorded. This is followed by south, which is 
considerably less frequent; then by northwest, north- 
east, and southeast, of equal frequency, but considerably 
less than south. 


Prevailing winds (8 a. m. to 4 p.m.) for the months given. 


Stations. April. | May. | June, Poon a her. Period. 

Alabama: 
ee eee nw. nw. n. se se se. and nw 
Montgomery !............ se. | sw. sw. e e. sw.ande 

Arkansas: | 
| S. } 8. 8. s. s. 
e. | e. e. e. e. 

BLOCK. Ss. | S. s. ne. s. s. 

Florida: 

Jacksonville. ............. sw. | sw sw ne. ne sw. 
se. | 8. s 8. se. 8. 
ne | SW sw ne ne ne 

Georgia: | 
nw. | nw. w. e. e. nw. ande. 
nw | nw. Sw. ne. ne. ne. and nw 
nw. ne, sw. ne. ne, ne. 
sw. |Sw. | W. ne. ne. ne. and sw, 
sw. sw. | sw ne. ne i| Sw. 

Louisiana: | | 
New Orleans............. se. | se. se. ne. ne. || se. 
Shreveport !.............. Ss. | se. s. se. se. || se. 

Mississippi: 

sw. | SW. sw. nw. nw. Sw. 

North Carolina: 

nw. / nw. nw. nw. (|nw. nw. 
Charlotte.............-.--| sw. sw sw. | ne | ne sw. 
sw. SW SW ne | ne. | Sw. 
Wilmington..............| sw. | sw sw. |ne. | ne. | sw. 

Oklahoma: 

| Ss. s. s. | s. | s. | 8. 

South Carolina: | | 
8. 8. s. |me. | ls. 

Tennessee: 
Chattanooga !............ sw. sw. ne. ne. | sw. and ne 
ON ae | SW. sw. sw. | ne. | ne. | SW. 
a | SW. sw. sw. |Sw. | Sw. | SW. 
eee nw. sw sw nw nw nw 

Texas: 

sw. sw se. sw sw sw 
is. s s s se s 
s s s s s 
se se se se se 
se. se. s. se. | sé. se. 
San Antonio. ............ se. se. se. se. | se. se. 

Virginia: | 
nw. sw. sw. ne. | nw. nw. and sw. 
nw. ne. ne. ne. ne. ne. 
Sw. sw. ne. ne. | SW. sw. 


1 Hourly data not available; therefore the monthly prevailing direction has been 


If we take the States east of the Mississippi River, we 
find southwest winds distinctly predominating, followed 
by northeast and northwest. Taking Arkansas, Okla- 
homa, and Texas, we find south strongly prevailing, 
with southeast next, and but little from any other 
direction. 

By months, considering the whole area, we find that 
7’ Caner winds prevail in April, May, and June, and 
northeast in September and October; but south is a 
pretty strong second. 

But these groupings and averages are considered of 
no great value for guidance in the orientation of a school- 
house in any particular locality. They do indicate that 
there is no strong prevalence of nei winds except 10 
Arkansas, Oklahoma, Texas, and Louisiana. [Emphasis 
should be placed upon the advisability of making as 
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thorough investigation as practicable of conditions in 

each locality in the preliminary plans for school build- 

ings, and this generally can be done through near-by 
eather Bureau stations. 

It is obvious that south windows would catch the breezes 
from the southeast, south, and southwest; west windows 
would catch them from the southwest, west, and north- 
west. But west windows, it seems, are decidedly pre- 
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ferable from the standpoints of light and sanitation. 
Therefore, where the prevalence of south winds is very 
strong, as in the Southern States west of the Mississippi 
River, a choice of west or south windows may be diffi- 
cult to make; but in the States east of the Mississippi 
River, generally speaking, it would seem that any sac- 
rifice of other features to secure south breezes would be 
a mistake. 


RADIO REPORTS GIVE TIMELY NOTICE OF RAINS IN CALIFORNIA. 


By Geo. H. Wr11son, Meteorologist. 
(Weather Bureau, San Francisco, Calif., April 26, 1923.] 


From radio reports received twice daily at San Fran- 
cisco from vessels in the North Pacific ocean the presence 
of storms and their approximate location is in nearly all 
instances known several days before their approach is 
indicated at coast stations, but the reports are generally 
so scattered that the direction in which the storm is moving 
and its rate of progression are too indefinite for use as a 
basis for a forecast. To make a definite forecast, that is, 
one that would be of any practical value, it is necessary 
to have sufficient data to know what the pressure dis- 
tribution over the Canadian northwest, Rocky Mountain 
States and off the California coast will be about the time 
the storm is expected to reach the coast. 

In general, a storm moving east or southeast from the 
North Pacific will not give rain in California unless its 
eastward movement is deflected southward by an area of 
high pressure over Alaska or British Columbia. When 
this is the case, the storm will, in nearly all cases, when 
about 500 or 1000 miles off the coast, develop a trough 
extending southward to about the latitude of San Fran- 
cisco, and the center will enter the coast south of the 
Columbia river. 

These conditions prevailed during the last week of 
March, 1923, and the writer was enabled to make a fore- 
cast of the approach of a storm several days in advance 
of its appearance on the coast. Subsequent comment by 
both the press and the public showed a deep appreciation 
of the work. 

The storm which reached the Pacific coast on Frida 
night (March 30), and broke the long drought in Cali- 
fornia was first shown by a report from the S. S. West Ivan 
(en route from the Orient to San Francisco) on the morning 
of the 26th, when in latitude37° N., longitude 151° W. On 


the morning of the 27th, the West Ivan in latitude 37° N., 
longitude 148° W.; Bearport in latitude 39° N., longitude 
154° W.; Protesilaus in latitude 52° N., 157° W., and the 
Wairuna in latitude 36° N., longitude 140° W., showed 
the cyclonic circulation around a large storm, but no high 
winds or low pressures were reported. On the morning of 
the 28th, the West Ivan reported a barometer of 29.44 
inches, with fresh southeasterly winds and rain, and was 
nearing the center of the storm, while the Bearport, about 
500 miles to the northwest, reported fresh northwesterly 
gales. Based upon these reports the following statement 
was made to the manager of the Associated Press: “A 
storm is central about 1300 miles off the California-Oregon 
coast moving eastward and will probably reach the coast 
about Friday evening (March 30) and extend later into 
California and break the drought.’’ Advisory warnings 
were also sent to all ports from San Francisco north, advis- 
ing shipping about to sail for the Orient of the location 
of the storm and the time it would reach the coast. 

On the afternoon and evening of the 28th, the West 
Ivan sent the following reports: 

lpm, barometer 29.34, wind southwest, force 10; 3pm, barometer 


29.26, wind southwest, force 10; 9 p m, barometer 29.08, wind west, 
force 9, and at 11 p m, barometer 29.14, wind west, force 9— 


Showing that she had passed through the center of the 
storm. At this time the weather was clear over the entire 
Pacific coast and a marked warm wave was in progress. 
Cloudiness began to increase along the coast Friday 
morning from San Luis Obispo sentinaed; by Saturday 
morning rain had begun at all coast stations from San 
Francisco north, and by night the rain area had extended 
over western Washington, western Oregon, northern 
California, and the northern portion of southern California. 


SOME TEMPERATURE AND HUMIDITY RELATIONS OF THE AIR. 


By W. J. Humpxreys. 


{Weather Bureau, Washington, D. C., May 2, 1923.) 


The following is only a condensed, and slightly modified, 
derivation of some of the more interesting portions of an 
important paper by Dr. C. W. B. Normand, published in 
1921 as Part 1, Vol. 33, of the Memoirs of the Indian 
Meteorological Department. 

_Let an aspiration psychrometer meet the following con- 
ditions, as it may to any required approximation: 

1. That there be no net radiation gain or loss by the 
thermometer element. 

2. That there be no addition of heat to, or subtraction 
from, the system, air, water vapor, and water, within and 
passing through the psychrometer. 


46115—23——-2 


3. That the exit air be saturated. This assumption is 
not necessary, but convenient. 

4. That the pressure be constant. 

Let 7 be the absolute temperature of perfectly dry 
intake air (if not fully dry, some of the following equa- 
tions will need slight ee obvious changes); 7” the abso- 
lute temperature of the wet bulb; C, and C’, the specific 
heats of dry air and of water vapor, respectively, at con- 
stant pressure; and x the mass ratio of water vapor to 
dry. air in saturated air at the temperature 7’. 

hen, counting from the freezing point, the heat in 
1+z grams of saturated air at the temperature 7” is 
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(C, + OC’ px) (T’ — 273) , which, since the process is adiabatic, 
is equal to the heat in the initial stage, 


C,( T— 273) +2(T’ — 273). 
That is: 

1. The heat content of any air equals the heat content 
of the same air saturated at its wet-bulb temperature 
minus the heat content of the liquid water required so as 
saturate it. 

2. The wet-bulb temperature of air adiabatically 
cooled, whether much or little, by evaporation into it 
from spray or other source, is constant. 

3. If the wet-bulb temperatures of several portions of 
air are equal that of their mixture will be the same, 
however their actual temperatures. 

Furthermore, since the quantity of heat added to an 
object divided by the current absolute temperature of 
that object is the change in its entropy, the entropy per 

am of dry air at the absolute temperature 7, counting 

rom 0° C. is 


T 
dT T 
Cy log 573° 


273 
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Similarly the entropy of 1+2 grams of saturated air at 
the absolute temperature 7”, also from 0° C. is, since the 
specific heat of water is one, 


log log 573+ 7” 


in which Z is the heat of vaporization of a gram of water 
at the absolute temperature 7”. 
But 


C, log = log nearly, 


since, on putting Lr=C,(T-—T”’), the expression re- 
duces to 


nearly, which is true for all ordinary values of 7/7’. 
Hence, in Normand’s words: 
_ The oer of any air approximately equals the entropy of the same 


air saturated at its wet-bulb temperature minus the entropy of the 
liquid water required so to saturate it. 


ATMOSPHERIC TEMPERATURE AND THE CODLING MOTH. 


By Cuartes C. Garrett, Meteorologist. 


[Weather Bureau, Walla Walla, Wash., Sept. 8, 1922.) 


Among the numerous insect pests that infest the 
orchards of the United States and cause great losses to 
fruit growers, undoubtedly one of the most destructive 
of those that attack apples and pears is the codling moth. 
In a letter to the writer the District Horticulturist for 
the southeast Washington fruit district stated that in 
the season of 1918 the Yakima Valley apple growers 
suffered a loss of over $2,000,000 due to the ravages of 
the codling moth alone. The Walla Walla district fared 
somewhat better, but the shipping data kept by the 
Horticultural Department showed that 28 per cent of all 
the apples were culls, and in accordance with the State 
horticultural laws were necessarily shipped to by-product 
plants, fed to hogs, or left to rot upon the ground. Con- 
servatively speaking, at least 26 per cent of this total 
was accounted for by the codling moth. 

The codling moth passes the winter in a cocoon, mostly 
under the loose bark of the trees. In early spring the 
larvae begin to transform into pupae, and soon after the 
apple blossoms have fallen the moths begin to emerge and 
continue to do so until the middle of summer. They lay 
their eggs chiefly on the leaves of the trees. On hatch- 
ing, the young larvae seeks the easiest place to enter the 
apple, which is furnished by the calyx, or blossom end of 
the fruit, although a certain proportion enter through the 
stem end or through the skin. Between three and four 
weeks are spent by the larvae, or worms, in the fruit. 
Most of the wormy fruit falls before the larvae emerge. 

In ordinary seasons, in northwestern apple districts, 
the codling moth has three generations and a partial 
fourth. Also, under ordinary weather conditions, the 
broods hatch at distinct periods. Dates of the main 
portion of each brood’s hatching are determined, from 
which proper dates for spraying can be ascertained. 

The means of control of the codling moth consist in 
covering the fruit and foliage with a poison mixture by 
spraying with a force pump. The first, or calyx spray, 


is begun when most of the petals have dropped, with 
calyx cups still open to receive the poison, and finished 
before the calyxes are closed. Succeeding sprays, known 
as cover sprays, are applied at varying intervals during 
the late spring and summer seasons for combating the 
later brood larvae. 

As the cost of spraying adds materially to the expenses 
of an orchard, it is very essential that the work be done 
when it is most effective, and that, in order to avoid 
waste, no more be done than necessary to combat the 
pests. Most progressive fruit growers have come to de- 
pend _ the advice of the State horticulturists for 
proper dates for spraying. | 

Codling moth cages, in which dormant larvae are 
placed early in the season, are distributed throughout 
a district, care being taken to have each cage correspond 
in every way to natural conditions. The length of time 
from the appearance of the moth, or adult butterfly, to 
the appearance of its offspring, the young larvae, is a 
known quantity, provided the atmospheric temperature 
is observed and recorded. While it has long been recog- 
nized that climatic factors influence the severity of the 
ravages of the codling moth, it was not until recent years 
that the close relationship that exists between the 
temperature of the air and the development and activity 
of the moths has been studied and charted. Here 1s 
where the services of the meteorologist are needed in 
cooperation with those of the entomologist and horti- 
culturist. 

In a letter to the writer, dated August 21, 1922, Mr. 
E. J. Newcomer, entomologist, United States Bureau of 
Entomology, who has been engaged for several seasons 
in deciduous-fruit insect investigations in the Yakima 
Valley, Washington, stated: ‘Codling moths do not 
deposit eggs when the temperature is below 60° F. Three 
fourths of the eggs are laid between 3 p. m. and 9 p. m.’ 
Mr. Newcomer kindly furnished a diagram which is repro- 
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Fig. 2.—Moth cage. 


(To face p. 128.) 
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Fic. 1.—Snowfall at LaCrosse, Wis., 


March 4, 1923. 
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duced with this ae 0 (fig. 1). This diagram shows 
graphically the relationship that exists between the late 
afternoon and evening temperature and the number of 
codling moth eggs laid daily. The average daily tem- 
perature for the 6-hour period, 3 p. m. to 9 p. m., is 
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Fic. 1.—Relationship between late afternoon and evening temperature and the number 
of eggs laid daily by the codling moth. 


shown on the chart by the broken line. The number of 
eggs laid is indicated by the solid line. Mr. Newcomer 
states that this is merely a sample taken from their 
records for four years. It will be seen that when the 
temperature drops below the 60° line, the number of ges 
laid drops to zero or nearly to zero. According to Mr. 
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Newcomer, a temperature of 60° or higher at 8 p. m. for 
two or three nights in succession will produce enough 
cats to make a spray necessary, and that as these eggs 
will hatch in from one to three weeks, depending on the 
temperature, the spray must be applied accordingly. 
He further states that if the weather turns cold, that is, 
with maximum temperatures of 70° or lower, after these 
eggs are laid, the spray would not have to be on the trees 
for ten days or two weeks, while if it remains warm 
pare et 75° or higher) the spray should be on in a 
week. 

With the desire of cooperating as fully as practicable 
with the office of the district horticulturist in the work of 
determining the proper spraying dates for codling moth, 
the Walla Walla station of the Weather Bureau has 
installed thermometer shelters in three different parts of 
the Walla Walla fruit district. Each shelter is equipped 
with maximum and minimum thermometers and a 
short-range thermograph. As the temperature varies 
considerably in different parts of the district owing to 
differences in topography, more than one station is 
needed for best results. Two of the shelters are located 
in commercial apple orchards, and one in the yard of 
the writer’s home in the city of Walla Walla. These 
special stations have been in operation for the last five 
seasons, and the records, in the words of one of the horti- 
culturists, “have played a large part in codling-moth 
control in this district.”” Those that are located in the or- 
chards are in close proximity to the codling-moth cages, 
and the records are kept by the orchardists who also 
keep the records of moth emergence. A view of one of 
the moth cages is shown in Figure 2. These are located 
in the Pomona orchard, northeast of Walla Walla. 


THREE WISCONSIN SNOWSTORMS. 


By W. P. Srewart, Meteorologist. 


(Weather Bureau, Milwaukee, Wis., April 21, 1923.] 


The average snowfall in Wisconsin during March, 
1923, was 19.8 inches. This is the greatest of record 
and is more than double the usual March snowfall. The 

eatest previous average for the State was 18.3 inches 
in 1891, and the least, 0.8 inch in 1910. Because of 
snowdrifts, highways throughout Wisconsin were impass- 
able except for horse-drawn vehicles during the greater 
part of the month. 

In most sections it was a month of frequent and heavy 
snows. Snow fell in some part of the State every day in 
the month but one. The first general and considerable 
snowfall occurred on March 4. This was heaviest in the 
vicinity of La Crosse where much damage was done to 
trees and overhead-wire systems. This was followed b 
intermittent snows from the 6th to the 9th. Then fol- 
lowed a series of 3 storms during which most of the 
month’s snowfall occurred; crossing the State in rapid 
succession they made almost one continuous snowstorm 
throughout the second decade. These storms delayed 
rail traffic, damaged overhead-wire systems, blocked 
highways, and caused an economic and property loss in 

isconsin estimated at over $1,000,000. 


The first of these three storms occurred on March 11, 
12, and 13, in connection with the movement eastward 
across the State of a barometric depression of unusual 
intensity. During its passage the barometer at Mil- 
waukee fell to 28.82 inches, sea-level reading. This is 
the lowest of record with one exception. The snow from 
this storm was unusually moist, so there was little drifting, 
notwithstanding a gale of 30 to 60 miles. The snowfall 
in southern and eastern Wisconsin ranged from 6 to 20 
inches, the heaviest being in southern counties near Lake 
Michigan. The moist snow, at first mixed with some rain 
and sleet, stuck to wires, poles, and trees, and froze there. 
This made a coating of porous ice, or mixed ice and snow, 
which on wires and the small branches of trees and shrub- 
bery was about 14 inches in diameter. Over a wide area 
in southern and southeastern Wisconsin branches of trees, 
and in many cases whole trees, broke down. These in 
turn, aided by the gale, bore down thousands of tele- 

aph and telephone poles and many miles of wire. 

ne company alone estimated its loss from this cause at 
$250,000. ‘Telegraph and telephone services were more 
or less seriously delayed for approximately 5 days. 
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The second of these snowstorms began during the night 
of March 14 in connection with another energetic dis- 
turbance which crossed the State from southwest to 
northeast on the 15th. This caused a snowfall which in 
central, eastern and southern counties averaged from 3 
to 12 inches. In this storm the wind was not so high, 
but the snow was comparatively dry and drifted badly. 

The third storm crossed Wisconsin on the 17-18th, caus- 
ing snow which, in southern and eastern counties, ranged 
from 3 to 11 inches. In many localities this storm was 
described as the worst of the three. There was a fine, 
sleet-like snow, driven by a high wind, and accompanied 
by a rapid fall in temperature. At Milwaukee the tem- 
perature fell from 38° at 1 a. m. the 18th, to —3° at 6 
a.m. the 19th. In this cold wave the temperature fell 
to —10° along the middle Illinois border, and to — 20° 
to —30° or lower in the northern part of the State. At 
the end of this storm there were many snowdrifts in 
southeastern Wisconsin from 8 to 10 feet deep. 

Prior to the second of these storms the snow had 
melted slightly and there was considerable soft snow, and 
in many places slush and water, on streets and highways 
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into deep ruts wherever the roads were passable. With 
the advent of severe cold this mass was frozen into solid 
ice, much of which remained on the highways until the 
middle of the first decade in April. 

On railway and interurban lines the combined effect 
of the three snowstorms and the cold wave was to tie up 
traffic for a period ranging in different localities from one 
to eight days, the longer periods being on branch lines, 
Much of the delay was caused by the interrupted tele- 
graph and telephone services, but many trains were 
stalled in snowdrifts and many cuts had to be shoveled 
out by hand, and some places had to be chopped out 
with axes or picks. The most serious delay in the move- 
ment of freight was caused by the blocking of the railway 
yards by snow and the freezing of the car wheels to the 
tracks. 

After these storms there was again intermittent snow- 
fall to the end of the month, but in southern counties the 
snow melted rapidly and on April 1 fields were bare over 
a wide area. However, there were still many drifts in 
southern localities 3 to 6 feet deep, while in northern 
counties the average depth in many places was 20 to 30 


and in railway cuts. On highways this had been cut ; inches. 


SNOWSTORMS OF MARCH I1-18, 1923, AT DUBUQUE, IOWA, AND VICINITY. 
By H. Merritt Writs, Meteorologist. 


[Weather Bureau, Dubuque, Iowa, March 26, 1923.) 


Three rather remarkable snowstorms occurred in 
Dubuque and vicinity on March 11-12, 14-15, and 18. 

First storm.—The snowstorm of the 11th-12th, in 
which 6 inches of snow fell within 24 hours, with 0.2 inch 
more added on the following night, was unusually heavy 
for the season and more than twice the greatest 24-hour 
fall of the present winter; but the outstanding feature 
of the storm was its peculiarly damaging effects. The 
storm attended the passage eastward near Dubuque of 
an area of led barometric pressure, the lowest 
sea-level reading at Dubuque being 29.12 inches at 1:30 
a. m. of the 12th. The storm began as rain on the even- 
ing of the 11th, gradually turning to wet snow. The 
temperature did not vary more than one or two degrees 
from freezing during the whole period of fall (8 p. m. of 
the 11th to 7 p. m. of the 12th), and the wet snow stuck 
to the trees, wires, poles, roofs, etc. The wind was only 
moderate, the maximum velocity being 23 miles from 
the north at 4:12 a. m., but the extreme weight of the 
clinging snow was sufficient to break down large branches 
of trees,—in some cases whole trees,—and telegraph and 
telephone wires and poles in all parts of Dubuque and 
vicinity; in many instances additional wires were broken 
down by the falling trees and branches. Practically 
every street was blocked in places by the debris. In 
some sections scores of broken branches could be seen 
from a given point and the appearance was such as to 
give the effect of a destructive windstorm. 

Snowplows were used on the street railway lines all 
Sunday night, but the wet snow was difficult to remove, 
and all cars were off schedule Monday morning, some 
lines being blocked by snow and large branches or whole 
trees until about 9 a. m. 

Electric light and power connections were destroyed 
in numerous sections of the city. Parts of the city were 
without electricity for hours. Telephone connection 
with the outside on Monday was entirely severed except 
for one toll line to McGregor. There were 43 poles down 
and 500 ’phones out of commission in Dubuque County. 
All telegraph connection with the outside was cut off 
from 8 p. m. Sunday until 4:25 p. m. Monday when one 


wire to Minneapolis began to function. No weather 
reports were received by wire and consequently no map 
was published, but State forecasts were received by 
radiophone and published on cards. The damage to 
a one and telegraph lines was apparently greatest 
in Dubuque County and those adjoining and thence 
eastward through Jo Daviess, Stephenson, and Winne- 
bago Counties in Illinois. Doubtless the greatest havoc 
in any one county was in Jo Daviess County, Illinois. 
One telegraph company reported a loss of 600 poles 
between a soe and Chicago, and it is not known how 
many the other company lost. 

Trains on all roads were greatly delayed, partially by 
the snow on tracks, but mainly on account of the de- 
moralized wire service and consequent lack of dispatch- 
ing facilities. Tracks were practically all cleared of snow 
by Monday night, but it required several days to restore 
dispatching services, and trains were generally off sched- 
ule during this period. The Chicago, Milwaukee and 
St. Paul reported all trains off schedule for two or three 
days, and that their wires were broken down almost 
entirely by falling trees and branches. The Illinois 
Central reported trains delayed for a like period, and 
that their worst trouble was east of Dubuque, where 210 

oles went down within the first ten miles. The Chicago 

reat Western suffered to about the same extent in delay 
to trains, and reported a loss of 150 poles. The Chicago, 
Burlington and Baws being double-tracked, was not so 
hampered by the lack of dispatching service, but lost 
200 poles between Dubuque and Savanna, Illinois. 

Summarizing the effects of the storm in Jo Daviess 
and Dubuque Counties and adjoining territory, the mone- 
tary losses in such properities as steam and electric rail- 
ways, electric light and power lines, and telegraph and 
telephone lines, alone, aside from the inconvenience and 
innumerable losses to the public through delayed ship- 
ments, delayed passenger trains, inability to communi- 
cate with the outside, etc., are conservatively estimated 
at $120,000. Much of the repair work has been only 
temporary and it will be weeks before the work is com- 
pleted. Not all estimates are yet available, and if the 
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losses in other counties of east-central Iowa and the 
northern tier of counties in Illinois were added, the total 
losses would doubtless reach several hundred thousand 
dollars. 

Second storm.—By the evening of the 14th the snow of 
the 11th-12th had settled to a depth of 4.3 inches, when 
a second storm set in, amounting to 6.6 inches by 7 

.m. of the 15th, at which time the average depth of 
Poth old and new snow was 9.4 inches. This snowfall, 
while slightly larger than the first one, was not sufficientl 
wet to stick to surfaces and consequently had no suc 
disastrous results. However, the snow on tracks caused 
considerable delay to trains and street cars, although the 
wind was light and there was but little drifting. The 
general effects of the storm.could not be considered 
serious, especially when compared with the preceding 
one. 

Third storm.—Before the damage from the storms of 
the 11th-12th and 14th-15th had been repaired, and 
with 4.5 inches of snow remaining on the ground from 
the two previous storms, the third heavy storm within a 
week occurred on the 18th. This fall averaged 6.7 inches 
and brought the total depth on ground to 11.0 inches— 
the greatest depth on the ground at one time during the 
present winter. The total fall from the three snows 
was 19.5 inches, as compared with the total previous 
fall for the entire winter of 13.9 inches, or about 40 per 
cent more. This phenomenal snowfall in so short a 
period is without precedent in this locality. Moreover, 
not since March, 1891, has there been so large a fall in 
any one month as that which fell from the 11th to the 
18th, inclusive. 

The fall occurred practically during the daylight hours 
of Sunday, and was of the type popularly regarded as a 
“blizzard.”” The snow was dry and was accompanied 
by moderately high wind and a cold wave which was 
severe for the season, the temperature falling from 39° at 9 
p. m. of the 17th to 1° above zero at 3 p. m. of the 18th, 
and continuing to fall gradually thereafter to 7° below 
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zero at 6 a. m. of the 19th. The heavy drifting snow, 
high wind, and severe cold wave obviously added new 
difficulties to the work of clearing away the effects of 
the previous storms, especially that of repairing the 
wire systems. 

The most far-reaching consequences of this storm, 
however, were to be found in the constantly drifting 
snow on the electric and steam railway tracks. Trains 
were delayed for hours due to blocked tracks. One train 
from Chicago on the Illinois Central due Sunday night 
at 11 P; m. arrived on Monday 11 hours late, and an east- 
bound train was stalled in the drifts east of Freeport, Illi- 
nois imsogeeny all of Sunday night. All railway lines 
suffered alike from snow-blocked tracks, and some lines 
were bothered greatly by derailments due to the hard- 
packed snow. 

Country roads were quite generally blocked by the 
deep drifts for more than a week, during which the snow 
settled slowly to a depth of 3 inches at this writing. 


LATER NOTE (MARCH 29, 1923.) 


A final estimate has just been received from Jo Daviess 
ome, Illinois, giving the losses from the storms as 
ollows: 


Number poles down (all wire services)................-.--. ‘sme 677 
Time required to make repairs (weeks)..................------ 8 
Money loss from above items...............-c.2-eeeeeeeceeees $9, 000 


Average delay to trains, for a period of 48 hours (hours)... .... 


These losses are for the entire county but the figures 
in money losses are believed far too low, judging from 
estimates and advices received from representatives of 
the four railroads passing through Dubuque; that is, the 
loss of 677 poles would entail a much larger expense 
than $9,000. The number of poles is probably correct. 

The wind was doubtless a large factor in breaking 
down the wires and poles but it is impossible to separate 
the contributing causes (wind and weight of snow on 
wires).—H. M. W. 


THE STORMS OF MARCH I1-12, 1923, IN ILLINOIS. 
By CLarENCE J. Root, Meteorologist. 


(Weather Bureau Office, Springfield, Ill., Apr. 12, 1923.] 


A deep barometric disturbance crossed Illinois during 
the night of the 11th-12th. At 7 p. m. of the 11th its 
center was located in southern Missouri and by the fol- 
lowing morning the center had advanced to Chicago. The 
sea-level barometer reading at Chicago (28.70 inches) and 
Peoria (28.89 inches) were the lowest of record, and at 
Springfield (28.82 inches) the lowest but one. Heavy 
prespttnian and strong gales were general throughout 

llinois. The maximum wind velocity at Springfield was 
from the southwest, but at Chicago, Peoria, and Daven- 
ort the maximum velocity came from the northeast. 

he strong, general winds caused damage to property in 
nearly all parts of the State. Poles and wires were blown 
down, buildings unroofed or otherwise injured, farm 
structures and outbuildings destroyed, trees torn or up- 
rooted, windows broken, and fences demolished. In a 
few cases livestock were killed, but so far as is known no 
person was killed or even injured. The damage to 
preety was not particularly severe in any one locality, 
ut it was so widespread that in the aggregate the loss was 
considerable. One of the features ot the storm was the 
interference with electric light, telephone, and interurban 
services. 


In the extreme southeastern part of the State there 
seems to have been several local winds within the general 
storm. These winds occurred between 8:30 p. m. and 9 
p- m. of the 11th. The storm in Gallatin Sdunty was 
probably a tornado. It entered at the southwest corner 
and crossed the county diagonally. The path of principal 
destruction was 300 yards in width, and the money loss in 
the direct path of the tornado about $10,000. In Ham- 
ilton and Johnson counties there is not enough evidence to 
classify the winds as tornadoes. In the adier county 
hundreds of fruit trees were destroyed. There are im- 
portant commercial apple orchards in Johnson County. 

In the northern part of the State rain and wet snow fell 
throughout the night. The rain froze as it fell and the 
snow adhered to all objects with which it came in contact. 
Trees, wires, and poles were covered with ice and snow. 
At Oregon the ice coating was 3 to 4 inches thick on the 
wires. Mr. N. V. Woleben, cooperative observer at 
Marengo, weighed the incrustation of snow and ice and 
found it to be twelve ounces to the foot of wire. This 
condition was general throughout that portion of Illinois 
lying within 50 or 60 miles of the Wisconsin border. With 

is accumulation of ice on the wires, the destructive 
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effect of the wind was much greater than in the parts of 
the State farther south. The snowfall ranged from 2 to 
11 inches in this area. The combination of pole and 
wire destruction and heavy snow greatly disturbed trans- 

ortation of all kinds. The snow drifted in places. 
lectric lines had the snow and broken poles and wires to 
contend with, and steam lines also impeded by the 
snow, were unable to dispatch trains on account of lack 
of communication facilities. Trains,in some cases, were 
dispatched by radio. Passengers were marooned over 
night in interurban cars, and in the cities street car service 
was suspended. Some trains on the steam roads were 
canceled, and at Marengo the interurban line did not 
resume operations until the 28th. In Chicago street-car 
and steam transportation were considerably hampered 
by the snow. In the western part of Carroll County tele- 
graph poles were torn out and the tops stuck in the 
ground with the butts up. 

The Chicago, Burlington and Quincy Railroad sent out 
about 150 miles of wire to repair damage. <A good idea of 
the effect and extent of the storm is given in the following 
report furnished by the Lllinois Bell Telephone Co., the 
leading telephone company in the State: 

We had around 6,000 poles down and we expect the total cost of 
restoration will be something in the neibgorhood of $350,000. In addi- 
tion to the pole damage there was, of course, much damage to wires due 
to their breaking on account of accumulated snow, and wind, and also 
on account of tree limbs falling on them. The principal damage 
occurred from the west limits of Chicago to the general neighborhood 


of Rockford and extended, with less severity, from there to Rock Island 
and Galena. In this area there was a great deal of wet snow which 
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froze on the wires, and very heavy wind. We also had considerable 
trouble due, however, entirely to the wind pressure in the area around 
Decatur and extending as far south as Nashville, but the damage was 
in no way as serious as that in the northern part of the State. We have 
no definite data as to the extent of the damage suffered by other wire 
using companies, but we know, in general, that the rural telephone 
lines of the companies connecting with us in the north end of the State 
suffered severely. 

The storm was so widespread that it is next to impos- 
sible to secure an accurate estimate of the money loss, 
but considering the information at hand it is probable 
that the loss for the entire State was in the neighborhood 
of $800,000. 

With the greater part of the snow still present to hamper 
the work of restoration, an additional fall of 3 to 11 inches 
occurred from the 14th to 16th. There was little drifting, 
but the street cars at Rockford were again put out as the 
tracks were frozen solid with ice. ith most of the 
accumulated depth of the 16th still on the ground, a 
third storm within a period of eight days occurred on the 
18th. This storm produced an additional amount of 2 to 
8 inches, the total depth on ground at Freeport being 25 
inches. The storm of the 18th was of the blizzard type, 
with strong winds, much drifting, and rapidly falling 
temperature. By the following morning the temperature 
in‘ northern Illinois was well below zero. Passenger 
trains were many hours late. Some freight trains were 
stalled and others were annulled. Highways were badly 
blocked for several days. The week of March 11 to 18, 
1923, will remain fresh in the memories of the people 
of northern Illinois for a long time. 


TORNADO IN TENNESSEE ON MARCH I], 1923. ° 


By R. M. Wiuramson, Meteorologist. 


[Weather Bureau, Nashville, Tenn., Apr. 25, 1923.] 


Destructive winds occurred over most of the State 
during the night of March 11-12, in connection with a 
storm of unusual intensity centered over Missouri at 7 
- m. of the 11th. The severest part of the storm in this 

t 


ate was felt in the western counties about 8 p. m., in , 


the central portion about 10 p. m., and in the eastern 
portion after midnight. At Neshiite, and probably at 
most other points also, most of the damage was done 
within a period of ten minutes, or less, when the wind 
attained its highest velocity. During this period there 
was heavy rainfall and a vivid lightning display. In- 
stead of the usual series of local thunderstorms, or 
tornadoes, that strike here and there within the most 
active portion of a barometric depression, there was in 
this case what appeared to be a wave or crest of wind of 
almost hurricane force that advanced eastward across 
the State, including all portions in its sweep but wreaking 
its fury mostly in the western and central portions. At 
the time of this crest the wind shifted from southeast and 
south to southwest and continued from that direction 
during the following twelve hours or more. 

In two of the western counties the wind assumed the 
form of a real tornado of serious character. Its path 
was rather more limited than usual, being from 200 to 


400 yards wide and not over 15 miles long. The destruc- 
tion of human life was unusually heavy, considering the 
small extent of the storm. This was due to the fact that 
two villages lay in its path, namely, Deanburg, Chester 
County, and Pinson, Madison County, about 10 miles 
apart. The latter, a village of about 500 inhabitants, 
was almost a total wreck. At Deanburg 2 persons were 
killed and about 20 injured; at Pinson 17 or 18 persons 
were killed and some 40 or 50 injured. The property 
loss included the school building, two churches, 60 or 
more dwellings, many barns, outhouses, fences, etc., and 
about 60 head of stock, a total damage of approximately 
$100,000. The tornado originated at or near Deanburg, 
extreme western Chester County, at 8 p. m. and traveled 
rapidjy northeastward to Pinson, in the adjoining 
county, passing there about 8:10 to 8:15 p.m. It was 
lost sight of three miles northeast of Pinson, having 
traveled a distance probably not exceeding 10 miles. 
Since it occurred at night and in the midst of a general 
windstorm of unusual severity, there was probably very 
little observation of the appearance of the storm clouds, 
and hence no accurate description of the approach of the 
storm is available. 
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CLIMATOLOGICAL DATA FOR CENTRAL AMERICA. 
By W. W. REED, Meteorologist. 


[Prepared under the direction of the Chief of Climatological Division, Weather Bureau, Washington, D. C., April 28, 1923.] 


The purpose of this paper is to combine in convenient 
form the widely scattered weather data for the several 
divisions of Central America found in the works mentioned 
under “‘ Bibliography.” 

It is to be regretted that some regions will be repre- 
sented by very meager data, that many of the series of 
observations are broken or even fragmentary, and that 
the periods of time to which the tables relate are synchro- 
nous for but few of the stations. 

Before presenting the tabulated data it will be well to 
make a general survey of the physical influences that 
give to this region its rather diversified climate. 

With respect to temperature conditions, three zones 
may be distinguished: The hot zone, tierra caliente, ex- 
tending from the coast to an elevation of about 400 feet; 
the temperate zone, trerra templada, subdivided into two 
levels, the lower lying between the hot zone and an eleva- 
tion of about 3,500 feet, the upper between this elevation 
and that of 7,500 feet; and the cold zone, tierra fria, in- 
cluding all regions with greater elevations. 

The principal vegetable product of the different levels 
will indicate the effect of change of climate with ascent 
from the sea. The typical product of the hot zone is 
the banana, those of the lower and upper subdivisions of 
the temperate zone are coffee and cereals; the cold zone 
is not well adapted to agriculture, temperature below 40° 
occurring in of the year. 

The precipitation received over this region shows 
wide variations both as to amount and distribution 
through the year and marked contrasts are to be found 
within short distances. This may be explained by refer- 
ing to the rain-producing causes and to the interposed 
mountain barriers which set well-defined limits to which 
these causes are effective. 

In his paper “Central American Rainfall” Harrington 
classifies the rains of this region under the following 
types: Invierno, trade wind, norther, and cyclonic. The 
mnvierno type is that due to the ep ds movement of 
the equatorial rain belt following the course of the sun; 
its duration is from May to November, being somewhat 
shorter in the northern than in the southern regions. In 
the northern regions rains of this type have a single 
maximum about the time of the summer solstice, while in 
the southern regions there occur two maxima of precipita- 
tion corres onding roughly to the two zenith positions of 
the sun. In the interval, with diminished precipitation, 
there occurs about August the veranillo, or short dry 
season, which for reasons given later appears well defined 
only on the Pacific slope. With the passage of the sun to 
the south of the Equator and the consequent withdrawal 
of the rain belt there is marked diminution in this type of 
rainfall in November, and by December the verano, or long 
dry season, holds full sway, continuing until the coming 
of the rain belt about one month after the vernal equinox. 
The ae due to condensation of moisture carried 
by the trade winds is limited almost entirely to the 
Atlantic coasts and slopes, reaching its maximum from 
June to August. The rains accompanying “northers” 
generally extend no farther south than the crests of the 
mountains of Guatemala and to the northern coast of 
Honduras with maximum from December to February; 
those of rarer occurrence in connection with cyclonic 
disturbances in the Caribbean Sea reach, as a rule, to no 
great distance inland and appear only in the hurricane 


season. It is seen that nearly all of the Pacific coast 
receives rain from only the first of the sources mentioned, 
thus presenting the typical invierno, while the remaining 
regions have in addition to this other sources of moisture 
supply with rainfall throughout the year, the maximum 
amounts being received in some one of the months from 
June to November. 

Temperature.—In this tropical region there is very 
little difference in temperature for stations at or near sea- 
level, but since the interior rises to considerable elevations 
there is found for the entire region a range in mean annual 
temperature of more than 20°. From an annual mean 
temperature of 80° at the coast stations there is decrease 
to a mean of 58° for an elevation of about 7,500 feet. 
For all levels temperatures are rather uniform throughout 
the year. Even at Quezaltenango (7,710 feet) the differ- 
ence in the temperature means of the coldest and the 
warmest months is only 10°. The means at this station 
for January and June are 52° and 62° respectively, and by 
referring to similar values for the United States it is found 
that they are very near those for Washington for the 
months of April and May and for New Orleans for the 
months of January and March. Near the coasts the 
highest temperatures range about 95°; for moderate ele- 
vations they range about 90°, except where a valley 
exposure such as that of San Salvador may give extremes 
of 100° or slightly above; while for the most elevated 
station reporting (Quezaltenango) the highest tempera- 
ture is 83°. Extreme minimum temperatures range from 
= 60° near the coast to 26° at the elevation of 7,700 
eet. 

Temperature means based on the formula max. + min. 
+2 are available for all stations with temperature records. 
These are given first, followed by tables giving mean 
maximum and mean minimum temperatures. Geo- 
graphic coordinates and elevations are found in Table 7 
under precipitation. 


TABLE 1.— Mean temperatures from daily extremes (° F.). 
Stations. > 
a 3 
a a} 
BRITISH HONDURAS. 
5/76. 1/77. 1/79. 4 80. 8/82. 6/82. 6)82. 
GUATEMALA 
9|62. 7/63. 7/65. 3 67. 1|69. 0,69. 9 
Guatemala............. 6/63. 0,65. 8,69. 0.70. 0)72. 1,71. 0 
Quezaltenango.......... 5/51. 8,53. 4157. 8.60. 1/62, 3)61. 9 
SALVADOR. | 
San Salvador........... 1472. 7/77. 1|75. 8\75. 2175. 
NICARAGUA. | 
Bluefields.............- 3|78. 3:77. 7/80. 4/80. 8:79. 2 
Greytown.............. 3/77. 5|77. 7|78. 8,80. 8 80. 1 
COSTA RICA. | | 
8|75. 0)75. 9/77. 4178. 3 
5|67. 3/68. 7|70. 2/70. 5|70. 7 69. 2 
CANAL ZONE 
8180. 3,80. 4/81. 5/81. 7/80. 5179. 9 
7|77. 6.77. 5|78. 5|79. 7/79. 4/79. 1 
PANAMA. | 
6|79. 3,79. 2179. 8|80. 5|79. 8,79. 4179. 4 


1 Mean of readings at 6a, m. and 1p. m, 


| . 
on 
an 
63. 4.68.0 
52.7 58.1 
78. 4.79.5 
1 
66.9 68.9 
79. 9|80. 2 
78. 0/78. 6 
79.079.3 


= 
o 
& 
< 


MONTHLY WEATHER REVIEW. 


134 


oe we 06 
oo os seo 
30 
> VOIYAWV IWYLNAD 
ues > 

4 

| - 
oekesew 


2 
ues 
sopeajeg ues 
° 
oyouenr ues ues 
eyewajeny Sepessey S 
fe} 
n N no 
swenog 13¢ 
° 
We % 
e 
~ 
al 
ze ve 96 86 26 


‘a 
| > 
< 
ag A 
e 
3 
3 
| 
al | 
| 
i 
| 
| 
| | 
4 
| | 
| 
| | 
7 
| if 
( 
i 
| 
| | 


3 


| 


Marcu, 1923. 
TaBLE 2.— Mean marimum temperatures (° F.). 
Stations. 
BRITISH HONDURAS. 
5,79. 079. 9/81. 7/82. 9'84. 9/84. 7/84. 4/85. 3/85. 5/83. 5 80, 8/79. 5/82. 7 
GUATEMALA. 
9/73. 2/75. 2/77. 2/78. 679. 3.77.5 76. 5\77. 5/77. 4/75. 2,72. 3/73. 0\76. 1 
6/72. 7/77. 4/81. 3/82. 8/81. 3,78. 4/79. 0/78. 6/76. 1/74. 1/72. 3.78. 1 
Quezaltenango.......... 5/65. 7/67. 6/71. 6:72. 9'73. 0:70. 9'70. 3/70. 2/69. 8/68. 4/66. 9/65. 1/69. 4 
SALVADOR. 
San Salvador........... 14/86. 2 88. 7/90. 1/90. 3 86. 9 85. 6.86. 2'86. 4/84. 9 85. 5.84. 4 84. 6/86. 6 
COSTA RICA. 
5175. 2 77. 5|79. 5|78. 4:78. 3.75. 9/75. 4/75. 475. 4/74. 8/75. 4/73. 2:76. 2 
CANAL ZONE. | 
8)89. 6 90. 2/91. 7/90. 6'87. 7|86. 8/87. 687. 4/86. 9/86. 2,85. 9\88, 2/88. 2 
7/85. 7 86. 3/87. 6/88. 6/86. 6 85. 9/85. 9 86. 0/85. 9 85. 2,84. 0/85. 3/86. 1 
PANAMA. | 
2 Mean for 1 p. m. 
TABLE 3.— Mean minimum temperatures (° F.). 
Stations. Sai [Sle 
8 
oO 
BRITISH HONDURAS. | 
5/73. 2|74. 3|77. 2:78. 6)80. 2,80. 6 80. 4/80. 8/80. 2|77. 2/73. 0/73. 277.4 
GUATEMALA. 
2/53, 4/55. 6/58. 8/60. 6/59. 5/59. 4/60. 1/59. 056. 5/53. 4/56. 7 
| 6 53. 2\54. 3,56. 7/57. 7/60. 4/60. 8/59. 9/59. 9/60. 3/59. 5/57. 2/54. 557.9 
Quezaltenango.......... 5.37. 9/39. 2:43. 9.47.3)51.6 52. 950. 4/49. 8/50. 7/50. 5/46. 9/40. 3/46.8 
SALVADOR. | 
San Salvador........... 1458, 8/60. 3161. 3/63. 9/64. 8.64, 9164. 6 64. 6/64. 6 64. 2/62. 1159. 5/62. 8 
COSTA RICA. 
5)59. 4.59. 9/61. 0,62. 6,63. 1/62. 6,62. 8 62. 2/61.7/61. 9/61. 2 60. 6161.6 
CANAL ZONE. 
8 71.0)70. 6|71. 3|72. 7/73. 4/73. 0/72. 9/72. 7|72. 8 72. 2'72. 0:71. 6/72. 2 
7 69.7 69. 0.69. 7|71. 0,72. 2:72. 2,72. 1/72. 0/71. 8.71. 4/71. 6/70. 7/71. 1 
PANAMA. 
9/75. 4/76, 9\75. 1/74. 8/75. 3/75. 6.73. 9/74. 0.75. 2/75. 2 
| \ | 


3 Mean for 6 a. m. 


Means for temperature obtained by use of the formula 
employed in Table 1 are probably slightly higher than 
the true values, hence the following table with probably 
more accurate values for a few stations is added. 
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TABLE 4.— Mean temperatures by other formulae (°F.). 


(Compare with Table 1.) 
| 
. 
874. 8'76. 6:79. 2/79. 9/81. 9|82. 4/82. 6/82. 6/82. 0/79. 3/76. 1/73. 6;79. 3 
14/59. 761. 3/63. 5/66. 0/67. 5\67. 3/66. 2'66. 6/66. 7\64. 8/62. 8/59. 9/64. 4 
Guatemala 21/61. 3/62. 8 65. 7/67. 6/68. 0/66. 2/65. 8/66. 0/65. 7/64. 8/62. 8/61. 3164. 8 
Tegucigalpa !. 2166. 0168. 4/70. 5173. 4176. 1|75. 4174. 3:73, 2|72. 5171. 2/70. 5166. 9171. 5 
San Salvador 3 23/71. 9|72. 7|76. 1/75. 9174. 4/74. 2|73. 4,73. 1)\72. 4/71. 8|73. 8 
1 Reduction to true mean by Hann. 
2 Formula, 7a+2p+9p+3. 
3 Formula, 7a+2p+9p+9p+4. 
* Hourly readings from thermograph. 
TABLE 5.—Temperature extremes— Maximum (°F.). 
a (Sim (8 
10 | 87 | 89 | 92 | 95 | 91 | 93 | 92 | 92 | 92 | 92] 89] 88} 95 
11 | 8 | 88 | 91 | 90 | 88 | 8 | 82 | 84 | 84] 84] S4] OI 
13 | 8 | 85 | 86 | 90 | 89 | 86 | | 82} 82! | 90 
Quezaltenango.......... 6 | 78 | 73 | 79 | 80} 83 | 77 | 77 | 75 | 75 | 75 | 72 | 69) 88 
San Salvador........... 5 |101 |103 |103 |103 |108 | 97 | 96 | 98 |100 |101 |102 |102 | 108 
12 | 86 | 90 | 91 | 94 | 90 | 85 | 85! 85 | 86] 85} 84 | 85] 94 
8 | 93 | 95 | 96 | 97 | 96 | 95 | 95 | 93 | 95 | 94] 94] 97 
7 | 90 | 91 | 93 | 96 | 96 | 92 | 92 | 92 | 91 | 92 | 90} 92) 95 
6 | 88 | 88 | 88 | 90 | 91 | 92 | 89 | 89 | 90 90} 89 | 89} 92 
TABLE 6.— Temperature extremes— Minimum (°F.). 
jo} 
2 
la S| B 3 
| a 
| | |< 
10 | 59 | 58 | 61 | 60 | 69 | 72 | 72 | 70 | 72) 67 | 61 | 56) 56 
| 11 | 36 | 38 | 38 | 43 | 46) 51 | 52 | 51 | 50 | 45 37 | 36 
Guatemala...... -- 13 | 41 | 43 | 41 | 47 | 52 | 52) | 52 | 50 | 44) 41) 41 
Quezaltenango.. -| 6 | 26 | 27 | 28 | 36 | 35 | 39 | 38 | 38 | 38 | 38 | 31 | 28; 26 
San Salvador... --| 5| 45] 51 | 54 | 54 58 | 61 | 61 | 60 | 60 | 58 | 52) 50) 45 
San José...... --| 12 | 50 | 47 48 | 51 | 53 | 56 | 56 | 56 | 56 | 52 | 49 47 
-| 8 | 63 | 66 | 65 | 64 | 69 | 70 | 67 | 69 | 68 | 68 | 67 | 66) 63 
Culebra....... ..| 7 | 60 | 59 | 61 | 62 | 68 | 67 | 67 | 68 | 67 | 66 | 67 | 64 | 59 
‘| 6 | 70 | 71 | 67 | 72 | 71 | 70 | 70} 71 | 71 | 70} 69 66 | 66 


Precipitation.—Relative to precipitation received, the 
region may be divided into two parts: The Pacific slope 
with moderately heavy rainfall of the invierno type, fol- 
lowing the course of the sun from May to October, and 
with very light to scant amount during the verano; and 
the mountainous region, eastern slope, and eastern coast 
with rainfall throughout the year and with highly exces- 
sive amounts at many stations during the period of 
maximum fall. In the latter regions, where there is more 
than one source of moisture supply, there arise great 
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differences in the amounts of precipitation received an- 
nually, with considerable difference in the time of maxi- 
mum, which occurs within the period from June to 
December. For the several political divisions the ranges 
in amounts are as follows: British Honduras, 50 to 80 
inches; Salvador, 60 to 90 inches; Canal Zone—Panama, 
70 to 160 inches; Guatemala, 30 to 200 inches; Nicaragua, 
55 to 255 inches. The greatest annual average is 255 
inches at Greytown, Nicaragua, and the least is 28 inches 
at the high station in Guatemala, Quezaltenango. Numer- 
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ous stations in Guatemala have several successive months 
with average precipitation above 20 inches; this is found 
at Greytown also, the averages for July and December 
being the unusual amounts of 34 and 36 inches, respec- 
tively. The following are low averages at stations with 
long records for the period December—April: Rivas, 
Nicaragua, 2.34 inches; Guatemala, Guatemala, 3.06 
inches; San Salvador, Salvador, 3.43 inches; San José, 
Costa Rica, 4.90 inches. Table 7 sets forth other in- 
teresting contrasts in precipitation. 


TABLE 7.— Monthly and annual average precipitation (inches). 


| West | 
North | longi- 
Stations. lati- | tude | tion, | record Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec. An- 
tude. |(Green-| f nual. 
wich). 
BRITISH HONDURAS. | 
° , 
24 7.44 3.22 2.47 2.23 4.91 7. 86 8.23 8.27 9.38 | 10.5 13. 6.65 84, 
18° | 16 2.57 1.47 1.24 1,36 3.99 8.74 6.95 5.80 6.41 6.70 5.19 2.05 52. 47 
GUATEMALA. | 
15 90 10! 4,260 | 20 6.00 4.22 4.54 4.28 8.28} 11.85} 10.11 7.96 9.88 | 13.54 8.63 6.68 95.97 
14 59/91 3,000 14 2.54 2.85 5.13 | 10.46 | 21.70] 27.87] 18.98] 20.28} 23.29] 21.88 8. 40 2.74 | 166.12 
14 37| 90 31) 4,855 | 29 30 -13 -47 1,22 6.00 | 10.84 7.98 9.11 6.76 51. 84 
14 42/91 46 3,280 | 20 1,42 2.05 .70 8.27} 20.24] 24.65] 18.98] 20.63 | 23.46] 21.93 6. 54 2.28 | 154.15 
15 49) 88 47 65 3 | 25.62 7.50 8.53 5.80 | 18.85] 17.80} 23.34} 26.11 | 24.16] 13.14 13.09 | 14.98] 198,92 
15 24) 7,220) 11 .12 1,22 1.34 3.18 6.72 5.49 5. 42 7.14 4.32 1.15 36.59 
15 89 40 118 | 3.34 1.49 2. 93 3.22; 10.54] 23.17] 23.82; 17.39] 18.60] 10.39 5.07 2.94 | 122.90 
14 25/91 10 56 | 3 66 1.59] 3.25| 16.97] 19.47] 11.77 21.26 | 19.06] 16.86 5.16 116.3 
14 57 | 91 7,710 4 - 04 02 .59 5.13 6.18 3.26 | _3.86 4.75 3.54 28.19 
15 40; 90 4,260 17| 12.16; 846] 8.50; 9.09] 12.76, 17.80} 12.95; 10.39] 14.65; 22.60] 15.87! 13.82] 159.05 
15 17); 3,050 4 - 00 -00 -47 1.89 3.15 9.17 4.02 3.19 3.11 3.62 1.34 30. 
14 22) 90 49; 1,800 6 1.14 1.46 5.39 6.50 | 19.65 | 27.48} 12.36 | 14.49/| 20.08) 19.06 6.42 1.02 | 135.05 
San Francisco Miramar............ 14 91 48) 2,430 25 1.50; 1.56 3.54 9.20 | 19.80 | 27.04 19.52 | 22.35 | 28.18 | 25.64 7.50 2.99 | 168.82 
13 55 | 90 50 3 -44 00 4.77 | 11.58 8.38} 10.02| 11.58 7.20 1.26 025 55. 80 
14 53; 92 0} 2,300 1.96 3.65 4.87 | 12.26] 23.97| 28.04] 21.25| 25.90) 31.18) 27.46 9. 86 2.31 192.71 
15 47; 90 10, 2,430 17| 15.24 11.30 | 9.96 8.54] 11.46 | 20.98] 18.11! 15.43! 19.84] 28.46] 18.54] 15.28] 193.14 
HONDURAS. 
4 1.94 -91 2.50); 3.14 6.72 | 11.22.) 8.36 7.21 8.00 7.81 5.64 2.24) 65.69 
SALVADOR. 
13 39 89 15) 2,490 5 - 08 04 1.57 1.81 8.23 9.92 | 15.47| 11.46] 11.22] 14.53 1,34 08 75.75 
13 47 | 89 15) 2,300 5 -00 12 2.80 3.94 8.90 | 10.94; 14.13 | 13.62] 11.42] 10.35 2.13 78. 35 
13 42) 89 12) 2,155 23 | 50 1.96 6.69 | 11.13] 12.11 11.72 | 11.03] 10.37 1.79 .59 68. 27 
13 45 89 16 | 4,500 5 12 | 04 2. 48 4.33 8.07 | 12.09] 18.07) 15.16} 14.25] 12.32 2.60 16 89. 69 
13 39! 89 3,000 00 08 .32 1.26 8.50 | 10.04) 13.35 | 12.68 12.16 7. 56 2. 87 47 69. 29 
DRED hk cccscaenincevenesnicon 13 43 89 44 745 10 -00 -08 1.18 1.57 7.23 9. 55 9.79 9. 99 9.68 | 11.22 2.08 23 62. 60 
| 
NICARAGUA. | 
12 0| 83 45 9. 86 6.93 3.61 3.12 8.08 | 17.00] 28.58; 16.07 8.74 | 11.22] 11.40] 14.28] 138.89 
ll 8) 84 48) 108 3 4.45 2. 99 1.02 1,65 8. 54 10.94 | 12.68| 10.83 | 12.09] 11.06 8. 23 5.08 89. 
ll 56 | 8 197) 10 04 .10 -87| 7.89} 12.87] 11.34) 8.66] 10.38] 12.75] 2.73 -31| 68.15 
10 55] 83 43 |........ 6} 22.50; 10.77 6.11 11.20} 17.86 | 23.19) 34.41 | 27.28) 17.40} 19.98} 36.45] 27.76) 254.91 
12 10; 8% 15) 135 | 3 -00 -00 00 -00 5.43 | 11.29 6.45 4.95 6.86 | 14.56 3.62 53. 
11 58/86 785 12 14 -28/ 5.58| 16.53] 6.62) 7.49| 17.06| 11.00| 1.96 -37 | 67.42 
11 26/8 47) 150, 21 20 15 819] 11.83) 7.20] 10.17| 17.38; 4.58| 1.27] 69.76 
Sabalos. ......-----------+-++--20e- ll 2 | 84 Be Sinscwaes 3 6. 26 4. 06 2.16 3.07 8. 58 12, 28 17. 84 14. 65 12. 24 11.61 9. 02 8.11 109. 88 
12 35|87 3/ 66 6 04 07 30 -30 10.43 | 12.53) 8.83) 9.15 | 13.65 20.48) 3.58 79, 58 
ll 46, 8 3 490 4 09 .00 e 7.41 10.31 5.91 7.44 6.87 | 17.74 5.13 -20 61.15 
COSTA RICA. | 
Bota his 7| 12.91 6. 46 7.64 | 10.93 7.52 5.98 | 12.28; 13.31 5. 00 6.54 | 11.46] 12.95] 112.98 
Juan Vinas..........-.----.---++-- 9 53 | 83 48) 3,410 6 8. 94 3. 07 2. 56 4.84 8. 50 8. 03 8.50 8. 35 5. 94 8. 23 8.23 | 10.47 85. 66 
S 3, 740 6 -16 1.18 7.68 | 12.56 9. 49 7.52 | 11.50} 14.80 8. 46 20 76. 22 
7| 14.57 6.45 7.06 | 10.62 8.50 6.22 | 16.87 | 12.23 5.69 5.01 11.86 | 16.64 121.72 
10 48 | 84 10}........ 3) 12.09 8. 86 7.13 7.87 | 13.74 | 16.14; 22.76 | 18.70] 15.75 8.15! 19.25 | 18.50! 168.94 
10 1) 83 37] 1,090 6 9. 28 6. 21 7. 8.58 | 14.06 | 13.40] 11.86! 12.69] 10.18 | 12.09] 13.56 | 16.31] 135.49 
San 10 13 | 84 29 525 6 9. 37 6.14 4. 88 5.39 | 11.38 | 13.23] 16.50| 14.25] 12.52} 17.09} 19.13 | 14.73] 144.61 
San Francisco Guadelupe.......... 9 58 | 84 2] 3,895 7 -79 -16 2. 09 8.15 | 11.57] 10.28 8.62} 11.50} 12.24 6. 46 1 73.87 
San Jose..........---------------+- 9 56) 84 7) 3,760 34 - 60 18 77 1,76 9. 04 9. 53 8.27 9.53 | 12.04] 11.78 5.75 1.59 70. 84 
10 15 | 84 2,750 6 | 19.56 9. 28 6.37 | 10.67 | 19.41 | 21.10] 19.36 | 18.26 | 14.21 | 22.66! 29.94] 18.62] 209.45 
10 83 35 197 5 | 16.08 8.48 7.82 | 12.45 8.44 9.35 | 10.03 | 10.17 5.49 7.68 | 11.36} 15.22] 122.57 
9 55/84 15| 4,260 .35| .28) 205] 7.28] 11.26] 7.99] 9.09| 886] 15.51/ 6.18| 1.93] 70.90 
9 50| 83 45) 2,035 7 8.86 2. 24 2. 80 7. 68 8.11 11.77 | 10.63 | 10.55 9. 57 9. 21 7.32 | 15.79} 104.53 
Balboa. ......... 23 1.00 .69 74 3. 82 7.83 7.20 7. 90 7.79 6. 98 9. 55 9. 30 5.15 67. 95 
Balboa Heights 2 24 95 84 72 3. 00 8. 24 7.46 7.64 7.97 7.75 | 10.382] 10.35 4.12 69. 36 
Culebra... 31 1,47 -63 56 3.62 10.69 8. 87 9.47 | 10.07] 10.99! 11.67 | 12.23 6. 57 86. 84 
Frijoles. . . 10 1.79 2.19} * .57 4.61} 10.65 10.42] 11.59; 10.83] 11.57] 16.10| 15.95 5.50 | 101.77 
Gamboa.. 39 1. 64 95 69 3.57 | 10.50 9.70 | 10.26; 11.80] 10.44} 13.05] 11.79 6.40 90. 79 
17 2. 88 2.59 1, 92 5.59 | 13.27 | 12.35 | 11.98} 14.40} 10.07} 16.18] 19.15 9.62 | 120.00 
Rio Grande 17 1.02 -62 35 3.34 | 10.07 9. 12 9.73 9.33 | 10.64) 12.77} 11.20 5. 03 83. 22 
22 96 -76 3.54) 11.51 | 12.06] 13.07) 12.49] 11.45) 14.89] 13.75 5.52 | 100.45 
9 22 79 55 25 51| 3.69! 1.62] 1.57} 4.35] 12.48) 13.39] 15.89) 15.07] 12.51| 14.94] 21 11.32 | 127.85 
10 5. 85 3. 54 2.08 7.73 | 15.90! 16.08] 18.04] 21.04] 12.74] 13.68 1 160. 00 
| 


1 Santa Rita Plantation. 2 Station at Ancon prior to October 1, 1914. § Within Canal Zone. 
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Marcu, 1923. 


In addition to the averages of precipitation it is in- 
teresting and important to know the variations from 
month to month and from year to year. This is shown for 
a number of stations representing practically all regions 
in Table 8, which gives the monthly amounts for indi- 
vidual years, also the greatest and least monthly amounts 
during the period of observation. 


Taste 8.— Monthly and annual precipitation (in inches). 


BELIZE, BRITISH HONDURAS. 


og 
1.50) 0.04/13. 78! 5.81! 8.01) 3.90! 4.49) 5.90/13.97| 3.49] 68.74 
.08) 4.15) 6.2913.64) 2.62) 6.70/24. 07111. 55/11. 64) 4.75) 89. 82 
4.77) 2.37) 3.64/10. 21/14. 22) 6.97] 2.15 6. 26)17.44) 4.72) 77.13 
. 73) 3.60/10. 63} 5.14)11. 31} 7.81! 6.31) 6.22) 4.87)19.80) 5.99) 87.22 
16) .65) 2.89) 2.85/26.25| 4.94/13. 26/16. 17 13. 50) 6.81) 3.85)100. 06 
. 44! 2.17, 2.04) 3.11) 6.88) 4.39) 8.00) 6.19,16.00)11. 58) 5.70) 73.37 
00; .00! 7.00) 6.30) 3.60) 8.24) 5.95'18.05) 5.50) 4.10) 64.49 
2.90) 7.23) 1.65,12. 80} 4.06] 6.00) 5.55) 5.80 5.45) 5.15) 1.15 63. 76 
3.80) 1.45) 1.30/26. 39}22. 40/12. 39) 7.65/13. 85, 2.70.20. 12| 6.30 130. 93 
-00, 3.22) 8.40) 8. 70)10.22!10.37| 8.10) 7.29) 9.33)15.52) 97.45 
1.80; .60) 8.28) 7.16) 7.10/13. 10) 6.20/13. 52:30. 17,15. 73)12. 80)126. 74 
5.40) .90) .13) 2.90)12.05) 5.15) 5.75 10. 75,13. 20/18. 50)10. 45 97.76 
1.15) 2.60) 3.85) 9.67) 9.35) 6.70 5, 25) 86.45 
Means!....... | 7.44! 3.22) 2.47) 2.23) 4.91] 7.86] 8.23) 8.27} 9.38)10. 58/13. 29) 6.65) 84.53 
Greatest....... 116.29) 5.40) 7. 23/10. 63)26. 39/26. 25) 14. 22/13. 26/24. 07/30. 17/20. 12)15. 52)130. 93 
Least..........| .04) .00) 4.06) 2.62) 3.90 2.70 5.15} 1.15] 63. 76 
COROZAL, BRITISH HONDURAS. 
| 5.30! 2.74) 8.03 5.63 2.45) 2.87} 2.64)...... 
See 3.22 2.41) 3.99) 0.31) 2.01) 7.93) 7.05) 4.50) 8.12) 8.15) 5.80) 3.58) 57.07 
4. 84) 1.54) 2 4.09] 4.46 7.34 5.96) 4.8314.14) 5.41) 2.68] 58.37 
4.10, -47| +. 44) 2.58) 2.77) 3.39) 1.79) 2.56 3.55) 7.20) 2.91) 1.92} 33.68 
1.74) 1.86'10.95) 3.86/11. 72) 4.61/13. 24 3.66) 6.83) .81 59. 92 
3.96) 4.10) .54; .52) 6.81) 8.19) 7.15) 6.52] 4.55] 8.74) 4.27) 3.79) 59.14 
3.43) .80) 1.68) 5.29) 7.52) 1.12) 9.06 4.58) 9.76] 4.40} .72) 49.03 
. 76; 1.07} 2.31) 2.40) 2.56/14. 22) 7.87) 5.63) 6.75) 3.96) 3.97) 3.69) 55.19 
2.84! 3.27) 3.03) .20! 5.72) 8.98 3.20) 3.43] 9.53) 4.72) 7.83) .30] 53.05 
2.07, 2.77 . 33) 2.30) 4.61/11. 23) 3.74) 5.92) 5.10) 4.08) 1.89) 44.84 
1.46) 1.40! 2.8815.05/10.68) 5.57| 6.00) 4.76} 2.31) 1.38) 51.59 
1.44] 1.28) 2.96) 4.87] 21 12. 04| 2.10) 1.45) 5.09) 52.16 
4.21) .39) 1.56) .17) 6.38) 8.60) 7.75 2.52) 3.65) 1.84) 5.59) 1.07) 43.73 
.64 2.01) 1.85/12. 78/15. 56) 3.01 3.27) 8.08/11. 05) 2.30) 61.50 
_ 2.18; .14 05) 2.76| 3.31/14. 56) 4.34) 9.88) 3.4017.50] 7.91) .45) 66.48 
. 89) 1.26) .39' 5.76) 3.75/10. 58) 5.94! 9.73) 9.06) 8.62) 5.74) 1.22) 62.85 
5. 1, 37 -48) . 27)13.62, 3. 66) 4.83) 3.16) 5.73} 1.28) 42.95 
2.57 1.47} 1.24) 1.36) 3.99) 8.74 6.95, 5. 80 6.70} 5.19) 2.05} 52.47 
Greatest....... 5. 54) 4,10) 3.99 5.76 10. 95,15, 05,15. 56 10. 21/13. 24.17. 50 11.05!) 5.99) 66.48 
1 24-year period. 
CHIMAX, GUATEMALA, 
| 
Sik 3.09) 2.22) 2.94 3.981 8.97/10. 87| 6.84 8.78} 9.09] 9.56)11.22) 6.01) 83.57 
3.54} 3.11) 1.89 4.45 14. 65/11. 06/10. 35 12.64) 9. 80|27.09) 8.58) 9.68)116. 84 
8.05) 3.41) 8.69 4.47, 4, 28) 7.05) 8.97 8.33/10. 40/19. 81] 8.88) 5.13] 97.47 
5. 53) 8.22! 6.04) 6.59) 9.80) 7.48)14.99. 6. 48)12. 63/13. 66) 9.92] 7. 76/109. 10 
| 6.51) 4.06) 4.41) 1.15, 4. 62)17. 80|10.35 7. 54/10. 08/16. 53) 5.07) 9.19) 97.31 
2.77} 2.60) 2.89) 7.23) 8. 95|17. 74! 8.22 6.10) 4. 22)10.66) 4.66) 3.41) 79.50 
3.36) 4.83) 5.72) 5.05 5.05) 9.72)11. 16 10. 11/14. 01/12. 56/10. 18) 7.27) 99. 
8.14) 5.66) 5.59) 9.1113. 01/17. 77/13. 34, 9.80) 8.25/14. 16) 5.93) 6, 11)116. 87 
7.71) 6.44) 3.32 7.02, 6. 51 10. 55 8.60; 6.92) 9.34) 7.83) 5.73) 8.42) 88.39 
5.95) 3.02) 8.50) 2.48 5.24:11.67 5.68, 7.03) 6.92|14.30) 7.51) 8.36) 86.66 
4. 85] 4.89) 1.05) 2.38) 6.71 4.62) 9,72, 6.17) 9.79) 7.67) 4.57) 6.43) 68. 86 
5.53) 7.93] 2.26) 1.08) 7.70/11. 72) 8.59) 7.35/11. 07/21. 9.44] 6.19] 99.88 
MP 6. 3.09) 3.39 6. 98) 2. 83) 6.20) 7.02) 8.09/15. 40/20. 07| 4.80) 2.85) 87.27 
10.49) 6.44) 6.04) 7.17) 7.15)14. 27 7.52) 7.32)11. 77|11. 49) 3.43] 5.49) 98.58 
6.93] 2.96} .55| 1.7314. 42/18. 78 8.78) 4.59} 8.43] 8.51/19. 26] 3.40) 98.34 
8.08} 1.52) 5.21) 1.20) 8.25:12.73) 8.63) 5.28) 6.28} 9.00)17. 76) 8.01) 91.95 
7. 94) 1.02/10. 22 90110. 67 10. 51} 8.31/10. 65)10. 26) 7.24) 6. 46)104. 41 
| 6.00} 4.22) 4.54 4.28) 8. 2811.85 10. 11 7.96) 9. 88/13. 54! 8.63) 6.68) 95.97 
Greatest....... 10. 49} 8. 22/10. 22) 9.11 14. 65)18. 78 14. 99,12. 64/15. 40 27. 09'19. 26| 9. 68/116. 87 
2.83 5.68) 4.59) 4. 22 3.43 2.85) 68. 85 
2 20-year period. 
EL PORVENIR, GUATEMALA. 
| 
1.14) 5. 86 3. 66117. 99130. 98129. 17/17. 28|35. 47/32. 40)18. 50] 8. 28 4. 401208. 22 
8.66] 1.22] 6. 85/13. 94/12. 40/23. 03/16. 02/17. 24/23. 23/24. 41/10. 59) 1. 02/158. 61 
2.87) 6.57) 5.55/15. 87/25 51/27. 40/41. 18 9, 02/21. 02/31. 61) 9.13) 2. 76/198. 49 
2.44) 4.33 1.69 5. 83/24. 06/38. 90 43. 54/24, 49/26. 77 15.24] 7.48) 4.80199. 57 
a 1.81) 2.83) 3.35 7, 28/17. 16 36. 26 17. 28 27, 80 22. 99 19. 17 5.87) 2.60 164. 40 
-79| 1.40/11. 89 19. 09/32, 28 31. 42 15. 67/23. 35 16. 87/17. 54) 9.82 3.66 183.78 
4.21) .1416.59 16.34/26. 93 22. 36 11. 59.14.02 19. 33/23. 74) 6.48 4.43 166. 16 
4.98 3.92) 5.02/13, 19 32. 76 17.6415. 94.17. 28/27. 56)13.70 2.79158. 16 
+22) 9.51) 4.19) 4.17/16. 28,22. 26,17. 46,11. 93,12. 20,12. 46,11.91 2. 30/124. 89 


MONTHLY WEATHER REVIEW. 


137 


TABLE 8.—Monthly and annual precipitation (in inches)—Continued. 


EL PORVENIR, GUATEMALA—Continued. 


- | 2 a 
1, 40] 1.24) 3.46) 7.24/20. 14/24. 74 12. 20|14. 25 32. 95/30. 47 7.44) 0.45 155.98 
1.65! 1.06) 1.71/14. 76,17, 20125. 18 18. 01/31. 67 35.06/21. 20 1.69! 2. 99.172. 18 
.45| .37) 5.76) 6.17/27. 74 24. 78 15. 9820. 91/23. 4222.18, 7.70, 1.14158. 60 
3.86) 1.26, 2.95) 7.99/23, 82/26. 12 12. 15/22. 78 18.9019.02 7.11, 1.10147. 06 
2.54) 2.85] 5.13/10, 46/21. 70/27. 87 18, 96/90. 28123, 20/21. 89 8.40) 2.74 166.12 
Greatest....... 8.66) 9.51/16. 59/19. 09/32. 23|38. 90 43. 54/35. 4735. 06 31.61|.1370) 4. 80 205. 29 
GUATEMALA, GUATEMALA. 
39] 0.00) 1.42) 0.43, 9.06 14. 21 22. 64/11. 81/13, 
.00| .47) 5.35,13.98 11.74 12. 17 10.99] 6.85, .55| .53) 62.98 
.02| .58, 2.09) 5.3113. 27 11.72)11. 11) 5.39] 3.53) 1.08) 54.52 
.02) 1.66, 1.87) 5.7612. 8411. 24] 4.49 8.38) 3.24) .07) .10) 50.17 
.13) 1.94, 2.30) 8.06 10.07, 5.95) 8.81/11. 42) 9.48) .51) .19) 59.25 
2.03| 3.26 6.41) 7.02) 9.26| 9.36] 9.82) .74) 48.32 
8. 15 12, 86.13. 14| 9.13) 9.50) 9.96) .63) .66| 71.69 
3.31/12. 57) 8.22|11.06| 8.01) 4.02) . 13) 47.98 
7.30/10. 34) 6.46! 3.90) 5.93} 3.81) 2.59.14) 42.75 
2.57 11.67) 5.35 8.10) 9.56] 9.54) .41) 49.77 
3. 02/10. 72 15. 56/10, 52| 9.66) 7.37; .14)...... 
5.68, 9.95) 5.40) 9.20) 9.08] 6. 26) 2.35, .07| 49.43 
2.84 10. 26) 7.29, 9.60/10.70, 8.93) 1.41) 53. 19 
3.07| 6.68} 2, 8611. 46)14.06) 8.24) .00) 49.48 
2.9512. 76| 9.57 4.41/11. 33) 7.40, 1.77) .16) 52.36 
885 4.65) 9.45] 4.88) 6.22) 5.51) 7.44) 2.64, .00) 41.62 
-00 .08 2.72) 7.8010. 35) 2.83) 3.31) 8.42) 4.61) 1.26) . 16) 41.54 
.00  .00) 5.75| 8.07| 3.54 8.31) 8.54 3.35] .04) 38.11 
.00, 3.35 .12| 4.5311.06) 9.76 1.2211.46) 3.94) .71) .08) 46.27 
08.00) .12) .16) 8.31/15.47| 4.88/11.97| 5.83) 6.34) .04) 53.48 
1.50, .05) 15, 6.47/13. 88) 9.90 10.10) 9.50) 4.47) 35) 56. 59 
.64) 3.32) 6.89] 7.06 6.05) 5.95| 8.90) 2.52) .02) 41.96 
.57) .06) .28) 4.2711. 39/13. 83) 7.70/10.96) 3.20) .03 52.58 
24.04.04) 2.24! 7.47/10. 57] 4.81) 2.96) 9.51/13. 10) 1.74) . 12) 52.84 
| 1.60/10. 33/ 9.85 10. 40/11. 57) 5.15| .00|...... 
.15 5,19/11.59) 6.84) 7.61] 9.16 $43 .63) 45.60 
-65, .00 3.3012. 09/12. 94) 3.34 7.61/ 9.77| 6.38 2.83| .10) 59.01 
00; .00 .00) .83 1.45] 6.69) 2.02) 3.28] 5.83) 4.89! .00) .00) 24.99 
.25) .34 16.85) 6.95) 3.69) 3.50) 7.56 3.54) .00 68) 44. 04 
Mean.......... .13 1,22 6.00/10. 84) 7.98 7.77/ 9.11) 6.76) 51.84 
Greatest....... 1.66, .75 3.35) 6.87 16. 85,15. 47/22. 64 12. 17/14. 06/17. 87| 2.83) 71.69 
-09 .00, 1.45) 6.41) 2.02 1.22) 5.39 3.20, .00, .00 24.99 
LIVINGSTON, GUATEMALA 
25. 52/12. 58, 6.27) 4.99 15.99 13. 44120. 07/22. 00/20. 3311.18) 9. 02|14. 11/174. 50 
31. 15] 87|13, 39 10, 14 23. 60 23. 54/31. 30 29. 87/44. 13) 11. 53,17. 18/17. 12/261. 82 
20.19) 1.06) 5. 91 2, 26 16. 96/18. 96 12.41 15. 9.40 42 
| | 
25. 62| 7.50! 8.53 5.80 18. 85 17. 80:23. 34/26. 11/24. 16 13, 1418. 92 
| 
QUEZALTENANGO, GUATEMALA. 
0.00 0.00} 0.00} 0.24) 5.43] 8.11) 2.36] 3.07) 6.37 4.10 0.28! 0. 20) 30. 16 
.00} .08| 3.17] 4.39] 5.47] 2.86) 2.98] 1.67, 1.10) . 50} 22,22 
.08} .95) 6.91) 6.47) 3.02] 6.17] 3.22] 4.00! . 00! 31.19 
1.10) 5.00) 5.77| 2.17] 3.35) 6.43) 4.39, 14) 29.17 
14) .02) . 59 3.26] 3.86) 4.75] 3.54 21) 28.19 
SETAL, GUATEMALA 
| 
. 20] 12. 72] 10. 21. 45119, 47116, 06/24. 76]24. 0012. 72 30. 2°] 218. 05 
13] 7. 20/11. 93) 9.21] 9. 45}36. 85120. 71] 20. 62/39, 72/13. 54 28. 74] 241. 72 
57] 7. 5. 71] 16. 2€]17. 90131. 34/24. 2118, 35/10, 83) 22. 87 13, 471215. 46 
. 43]18, 62/18, 19] 8. 35]17. 32]25, 25123, 60/30. 04/49. 92] 17. 40:21. 8°] 263. 61 
8. 82] 11. 02] 6. 89]15, 87/19. 72}22. 84]19. 13]15, 71/16, 97]24. 72) 18. 62 15. 59) 215. 90 
88115. 35] 8. 94] 14, 25]12. 05}20. 43]18. 35/12. 80/18. 79] 10. 59 32. 80}200. 21 
. 9. 64129. 17] 5. 7. 76/14. 57/13. 35]16, 93/13. 58/23, 11/17. 99 13. 27] 184. 49 
. 53}12. 76] 1.30) 1.38] 9. 17/10. 16/16, 94/15, 20/14. 45] 11. 42.23. 421144. 58 
. 49/15. 63] 6.97} 3.74] 4. 09/17. 2.24) 9. 09/22. 05/45. 67|19. 57 13. 71169. 37 
. 28/10. 12) 1.65} 9. 53] 2. 68/10. 51) 9. 06/13. 3915. 67/41. 73) 9. 65) 4. 72}138. 99 
15. 90/20. 30] 9. 41) 6. 46] 5.35/21. 18| 7.32} 8.94/27. 48/17. 01/10. 28, 8, 46158. 09 
14.78) 5.43] 4. 45/22. 09)36, 89]13. 31/15, 24/19. 61/15. 55/32. 91) 9. 33190. 14 
14. 49} 8.07] 3.35) 9. 45/12. 0913. 66/18. 54 16, 34/17. 36/25. 43 14. 45]154. 02 
19. 72| 3. 03/21. 54 18. 66/18. 4618. 27|18. 86) 6. 1817 48/24. 4/20. 67 10. 31/198. 02 
Mean?........ 15, 24/11. 30] 9.96) 8, 54/11, 46/20. 98/18, 11]15. 43 19. 8428, 46 18. 54/15, 28/193, 14 
Greatest....... 28. 82 20. 30/29. 17 18. 66 22. 09/36. 89 24. 2122. 60 30. 04 49. 92/32. 91 32. 80/263. 61 
9. 49 3. 08 +55 79 is 2.24 9.65) 4. 72/138. 99 
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TasLe 8.— Monthly and annual precipitation (in inches)—Continued. TasLe 8.—Monthly and annual precipitation (in inches)—Continued. 


LIMON, COSTA RICA. 


SAN JUANCITO, HONDURAS. 
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Marcu, 1923. 
Taste 8.—Monthly and annual precipitation (in inches)—Continued. 


ANCON-BALBOA HEIGHTS,’ CANAL ZONE. 


Year. 


April. 

| May. 

| June. 
August. 
September. 
October. 
November. 
December. 


2.96 
-00 


SR 


= 


BSR 


PLP 


_ 


= 
SPP 


NO 


_ 838 


RBS 
RSS 


= 
PEN 


6 24-year period. Station moved to Balboa Heights October 1, 1914. 
GAMBOA, CANAL ZONE. 


8 


RS 


= 
PEAS, SPN, ©. 


ORE 


SSE 


PLP 


LHS s 


= 


94) 
85| 5.49 
8, 08115. 92 
7. 02/10. 43 
29 90) 7.32) 
37| 9.5511. 59| 7. 98/28. 41 
"12 09/12. 08/17. 00110. 90/16. 90, 
53| 6.98) 7.26] 7. 75\10. 09 
210. 94/11. 64/14, 27/16. 641 60! 6.56 
2.65| .68| .08| 1. 13) 8.02| 8.06)16. 45 7114. 13 
"64| 1. 98/17. 78) 3.91| 7.97/11. 79| 7.70 
1.74 2.75| 5.10| 9.01) 8.03) 4.51) 9.91115. 93) 8.37 
2.16| 6.68)1 25 8.44) 9.59/12. 22/11. 37/13. 46, 9.84 
‘09! 230! 126, 3.96) 8.14) 7.82/17. 9.9311. 21/22. 05 
3.07| .07| 3.16/11. 45110. 12| 6.51| 8.59| 7.6017.25| 5.86 
bens .03) 7. 02| 6.70) 7.37] 9.3911. 72! 3.50 
1. 14.71) 8.97/12. 68 24. 93113. 63 

Mean?........ 1.64] 0.95! 0. 10. 13.0511.79| 6. 40 

Greatest 7... ...|13.40) 5.39] 4. 18. 71,20, 16/18. $2 24. 93,28. 4120, 87 

.00 3 451 4. (508 3.50.79 

39-year period. 
COLON, PANAMA. 

3.42| 0.04] 0.28) 3.47 18, 8214.05 5. 83/22. 16/18. 90 

"| 5.04) .35| 1.58] 4.72 16. 38121. 89 11. 38}12. 28) 7.95 

6.93] 6.49] 1.26] .43 6.41 27.68 15.09/14. 49| 9.04 

"| 6.06} 1.06.75 11.65 16. 81 16. 33/20.28) 4.13 

"| 1,28} 1:67] 1.50 11.05) 9. 94 12, 65)32. 5.41 

59} 2:33] 4.46 7.00/16. 81 06/14, 24/12. 18) 7.10 

1.00] .96] 1.65 10.9116. 73 61/10. 04/28. 30)15. 75 

"| 7,02} 147] 1.65/11. 46 15.83/14. 21 86| 8. 14/26.33) 7.02 

$142] 1.13] 2.28) 8.10) 9.07 6. 80/13. 45/17. 92| 9. 50 

1,47] 1.14] 1142) 4.23) 14,0919. 23 12. 48 13. 34/26. 64|15, 64 

"| 947] 1.37] 216) 1.06 16, 89)17. 9.36 

3.84) 1.08| 3.53) 1.27 10.53/14. 10.96 31.72| 9.07 

1.92) 1.85] 3.56 19. 31/42. 50/34. 38 

2:94] 3.58] 5.46) 3.3011 15. 65,30. 04115. 20 

"| 1281] 1.41] 3.06 "5315.81 2.63 

.| 1.81] .66] .75 121. 81/11. 47 

6.71| 1.75| 2.69 6.55 

1.35] 1.32) 4.12 18.35] 8.88 

"| 1.71|10. 42 22. 33) 9.45/15 

2.33) 1.96] 2.68) 6.25 14.08) 5.71 

1,10! 145] .76| 1.87 20. 49/11. 66 

3.28] 5.34 14.23) 1.90 

“| 1.82} 136] 161/10. 95 6.63| 7.37 

151} 154] 108) 1.72] 5 21.27| 2.06 

1.31| 1.63| .98| 7.43 19. 96 

.69| 1.62) 1.57) 4.35 21.02/11. 32 

19. 20/12. 37| 9. 17/21. 73 42. 50/34. 38 

.43 6.63) .94 


* 51-year period. 
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TaBLE 8.— Monthly and annual precipitation (in inches)—Continued. 


PORTO BELLO, PANAMA. 


| 
| 
| 


A 
{ 
Year. e181 4 
{ | 
03}16. 99] 9.98/16. 98) 8.59] 7.28/41. 73125. 72]...... 
90} 6. 82] 3.56/12. 56) 9. 69/17. 70]26. 33]13. 83/13. 99) 8.70.45. 03/58. 17/237. 28 
14.05] 5.89| 6.32! 7.14) 9. 30|15. 25/22. 80|20. 7113. 15| 9. 54 23. 08/22. 89/170. 12 
84] 6.90] 2.33} 6. 60/19. 2518. 04/14. 48]22. 56/17. 55 13.78 24. 40] 2. 16148. 94 
.67| 1.64 54/16. 65)19. 77/24. 21/14. 15/15. 03,17. 01/25. 82/11. 52)147. 61 
5. $4 2.03] 1.17] 2.3430. 51) 9. 00]20, 83/25. 35|11. 3418. 85,33. 47/10. 46/171. 19 
2.38) 2.20] .98) 2. 66/16. 22/15. 08) 7. 90}21. 30)... 
4.31] 1.58} 1.18/30. 21/13. 85110. 04/24. 23]17. 76114. 37/15. 71, 7.74] 6. 46/147. 45 
2. 52| 1.61] 1.07| 2.67) 5.05]20. 17/16. 02)27. 45|10. 02/27. 42/14. 59) 8. 02}136. 61 
4.21! 5.20] 2.57 13. 59/30. 32 4.84 31.34 9. 53/155. 09 
a 5.85| 3.54] 2.08) 7.7315. 90/16. 08/18. 04/21. 04/12. 74/13. 68 26. 48/16. 84/160, 00 
Greatest 20.90! 6.90} 6.32/30. 21/30. 51/20. 17/26. 33/30. 3217. 55 27. 42 45. 03/58. 17]237, 28 
Least... 67| 1.52 54) 5.05) 9.00 8. 59 7.28) 2. 16|136. 61 


For several other stations there are interesting data 
relative to greatest monthly and annual precipitation; 
these are combined with those preceding into Table 9. 


TABLE 9.—Greatest amount of precipitation—Monthly and annual 


(inches). 
Length | Greatest Greatest 
Stations. ofrecord | monthly} Month. | Year. | annual | Year. 
(years). | amount. amount. 
13 30.17 | Oct... 1913 130. 39 1911 
16 | Oct. .... 1897 66. 48 1897 
17 27.08 | Oct..... 1898 116. 84 1898 
pre 14 43.54 | July 1901 205. 22 1898 
29 22. 64 | July..... 1851 71. 69 1861 
3 44.13 | Sept.... 1911 261. 82 1911 
7 11.28 | June....| 1917 51.65 1916 
Quezaltenango.......... 4 8.11 | 1895 31.19 1897 
er ee 17 51.93 | Nov..... 1911 220. 1913 
San Francisco Miramar. . 12 49.00 | Sept. . 1909 238. 78 1909 
40.61 | Sept....| 1916 234. 10 1909 
14 | Oct..... 1903 263. 61 1903 
San Salvador. .......... 9 17.99 | Oct.....| 1913 83. 43 1918 
8 24.94 | Aug..... 1886 87.49 1892 
po 5 45.02 | July..... 1910 159. 38 1909 
Co. ea 10 30.79 | Jume....| 1897 93, 62 1897 
i 6 55.38 | Nov..... | 1900 296. 94 1890 
12 23.56 | Oct..... | 1887 78.78 | 1889 
21 33.85 | Oct.....) 1897 123. 43 1897 
3 20.71 | July..... 1898 124, 25 1898 
San Antonio. ..........- 6 31.06 | Oct..... 1897 98. 26 1897 
Boca Banana........... 6 33.66 | Dec..... ' 1903 139.17 1902 
41.06 | Dec..... | 1895 154, 89 1895 
6 49.45 | Dec..... 1903 175. 63 1903 
Lo ror 6 41.42 | Dec..... 1903 176. 93 1903 
= Francisco Guade- 6 19.65 | Sept... 1901 97. 40 1901 
upe. 
34 28. 67 | Oct..... 1886 154. 30 1886 
Sarapiqui............... 6 52.20 | Nov.....; 1901 1902 
eee 5 27.56 | Dec..... 1903 150. 43 1902 
Balboa Heights......... 24 20.27 | Oct..... 1900 91. 42 1901 
ee 39 28.41 | Nov..... 1909 136. 19 1887 
2. er 51 42.50 | Nov. 1909 183. 41 1909 
10 45.03 | Nov..... 1909 237. 28 1909 


The few data available as to maximum amounts of 
precipitation in 24 hours are shown in Table 10. 


TABLE 10.— Maximum precipitation in 24 hours. 


Stations. | Amount. Date. 
| Inches. 
AN dts | 6.56 | Dec. 2- 3, 1906 


1 For the years 1906-1921, except Porto Bello, 1909-1914 and 1918-1921. 


In the wet season the number of days with rain show 
a maximum generally above 20 and exceeding 25 at 
some stations; in the verano the number is reduced to 
below 10 at many of the eastern stations, while there are 
practically none at some of the stations on the Pacific coast. 


ed. 
2\¢ 
71.54 
0.43 0,08 71.54 
1908......-.-.-| 12] 59. 90 
..| 1.23) | 1.83! 78 
94-48 
25) 
| | 69. 36 
Greatest ©.....| 5.61 | 5. be 
Least 6........ -00) | -00) 
0.94] 0.20 0.00 
5:00) 1.73) 1.34) 
24.20 
40; _. 16) 4.37 
il 
9D 
0.67 
9.07 
6.28 
7.35 
9.46 
8.17 
2. 44 
5.47 
2.02 
4. 88 
6.13 
0.79 
6.19 
2,02 
8.03 
3. 07 
6. 02 
7.75 
1.85 
6, 29 
ree 
5. 26 | 
5. 47 
7.71 
3.41 
9.94 
2.75 
7.59 
1.22 
2.70 
2.77 
3.45 | 
7.72 
5.27 
0. 82 
0. 54 
5.02 : 
1.45 
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TaBLE 11.—Average number of days with precipitation. 
So | 
Stations. ; aia 
812/818) 2 
12) 14) 7| 6| 6| 8| 15/18] 18] 17 | 15 | 16 | 14) 
8/15, 11} 9) 10) 6; 23 | 25} 24 | 23! 24) 19 17 | ong 
Guatemala............- 16} 4] 3] 15] 23| 21] 21) 22)18| 7] 4] 
Las Mercedes ........... 3] 5| 5] 10, 24| 27 | 27 | 26 | 26| 26/15 4] 498 
Quezaltenango.......... O; 1] 14) 21) 17/16/19) 17| 7) 2) 447 
Sen Diego.............- 1] 2} 6] 9/17] 23) 12/15/17) 8] 3] 499 
San Francisco Miramar.| 9| 3] 5] 9/| 23 | 21 | 20} 23/21) 12) 369 
0| 3| 6|12|17| 21/18| 16/10) 2| 0 105 
0} 4] 6 13} 20/19) 17/10! 398 
1] 1] 3] 6/15] 22 24| 23) 22/16| 7| 2) 
1] 0} 3] 7/15] 17/22} 19) 16) 0} 474 
O} 1] 6 16) 19) 21| 24) 21/16) 6) 2) 433 
18 | 10 | 13 | 14 | 12 | 25 | 31 | 25 | 23 | 18 | 22 | 12 | 993 
1} 0} 1/10/17) 16| 14/17/18! 7] 05 
41 3/ 8] 17/13] 15| 19 | 22| 12] 6] 399 
20 | 15 | 17 | 20/17) 15 | 21 | 21) 15) 15 | 19 | 20 | 
2] 2} 2] 4/16] 22/ 20| 18| 21 | 24| 16] 6] 
19 | 11) 17| 14| 14| 18] 21/10) 11 | 15 | 18 | 
17} 10} 3] 14/ 10 | 20 | 20} 24 | 20) 18 | 22| 17 | 195 
18 | 10 11 | 19; 18 | 21 | 26 | 24 | 22 29 | 18) 245 
1] 2] 7] 22, 22| 22/23] 16/ 6 | 163 
3] 2] 7] 19 | 22 | 23 | 24| 25] 14! 6| 170 
23 | 18 | 14 | 20} 21 | 20 | 27 | 25 | 24 | 28 | 27 | 21 
15} 8/10/17] 16| 19 | 15/12/11] 20| 171 
2{ 2) 2] 5] 18 | 20 | 20) 6] 145 
16 | 10 | 11 | 19 | 16 22] 18 | 17 | 18 | 18 | 195 
7) 5| 2) 8| 20) 20; 21 | 20 19 | 21 | 23 | 16 | 
9] 7| 4] 9| 21 | 22 | 23 | 24 | 23 | 24| 25 | 16 | 207 
16 | 15 | 16 | 16 | 23 | 24 | 25 | 25 | 24 | 24 | 26 | 23 | 257 


1 With 0.0linch or more. Other values based on 0.1 millimeter (0.004 inch) or more. 


Thunderstorms.—In the Canal Zone region thunder- 
storms are frequent in the months from May to Novem- 
ber, occurring usually on more than 15 days in each 
month, while in the remainder of the year they are 
rare. The same march in frequency is found at San 
José with the average number of days only 5 for a 
maximum. 


TABLE 12.—Average number of days with thunderstorm. 


Stations. sift 
3 
11; 0; 0; 1 Ot 21.9} 25.21 
8; 1; 1] 5] 16] 18! 16 | 22) 19/17) 5) 134 
7) 1) 1] 0} 3417] 20) 20) 21/19) 19]; 41] 137 
6/ 1} 0; 2/13) 18) 17) 16/17/14] 10) 4) 112 


Relative humidity.—This element shows a march very 
similar to that of rainfall. Means range from nearly 90 
per cent in the southern region in the wet season to about 
70 per cent on the Pacific slope in the dry season. The 
annual means for these regions are 85 and 75 per cent 
respectively. 


TABLE 13.—Monthly and annual mean relative humidity (per cent). 


BID on eocescceeesenen 12 | 83 | 79 | 77 | 76 | 78 | 78 | 77 | 78 | 83 | 81 | 84 | 83 | 80 
5 | 87 | 84 | 83 | 81 | 85 | 87 | 88 | 87 | 88 | 90 | 89 | 88 | 86 
Guatemala? 21 | 72 | 69 | 69 | 70 | 74 | 84 | 82| | 84| 82| 79 | 74) 7 
San Salvador 9 | 69 | 68 | 68 | 70 | 80 | 85 | 82 | 82] 85 | 79| 77 72| 76 
3 | 86 | 85 | 81 | 79 | 84 | 87 | 88! 86 | 86 | 86 | 89 | 87) 85 
San Jose 12 | 76 | 72 | 72 | 73 | 81 | 84 | 83 | 84 | 86 | 87 | 80 | 80| 80 
oe 8 | 77 | 75 | 72 | 76 | 85 | 87 | 86 | 86 | 87 | 88} 88 | 8 | 82 
Culebra 7 | 80 | 78 | 75 | 78 | 86 | 88 | 88 | 89 | 88 | 89 | 90 | 86 | 8% 
6 | 80 | 80 | 77 | 80 | 86 | 87 | 87 | 87 | 87 | 87| 89 | 85) 84 


1 Mean from observations at 6 a. m., noon, and 6 p. m. 

2 Mean from observations at 7 a. m., 2p. m., and 9 p. m. 

3 Mean from bihourly readings. 

Mean for Belize and Greytown probably from early morning and late afternoon 
observations. 


Marcu, 1923 


Cloudiness.—This has a march practically the same 
as that for the preceding element, with monthly means 
8 or higher, on a scale of 0-10, as maximum in the 
rainy season and means ranging about 5 for most regions 
in the dry season. 


TaBLE 14.— Monthly and annual mean cloudiness (scale 0-19). 


EG 
(21813 
is 
12) 5.4) 4.2/ 4.4) 4.3 5.4 6.3) 6.0] 5.8 6.0) 6.0) 6.3) 5.2 5.4 
i 7| 7.1| 5.9] 5.9] 6.3 7.8) 7.9) 7.3) 8.0) 7.7) 7.5) 7.1 
14) 2.4) 3.1) 4.1] 5.6 7.0) 7.5) 7.3) 7.3) 7.6) 6.4) 4.6) 2.4 5.4 
5) 4.1| 4.6] 5.7) 6.5 7.9) 8.0) 7.1| 7.7) 7.8) 83) 6.5) 6.0) 6.7 
8) 5.0) 5.5| 6.7, 8.0) 8.2) 7.3) 7.4) 7.2) 7.2] 7.0) 6.1] 6.8 
7 4.9) 5.0) 4.7) 6.3 7.7 8.1) 8.0 7.8 7.7) 7.9) 8.0) 6.1) 68 
6 4.8) 4.3, 5.2 6.9 7.0) 7.1 6.7) 6.8) 7.6) 5.8 6.2 
\ | 


Sunshine.—The average duration of sunshine varies 
from slightly over 5 hours a day at San José to nearly 9 
hours a day at San Salvador, with extremes of about 3.5 
hours in July at the former and 10.5 hours in January 
at the latter station. 


TABLE 15.—Average duration of sunshine (hours). 


Ble 

Stations. 

San Salvador..........- 14l10. 410.31 9.6 8.5! 7.7| 6.6] &2| 7.5) 7.7] 9.2] 9.9] &7 
San 7.0, 8.1] 7.0) 6.5) 5.5) 3.5) 4.5 4.8) 3.9 5.1) 4.7| 5.3 
8.6 83) 6.6 4.4) 4.3] 4.8) 4.2 4.8) 4.5) 4.6) 7.01 5.9 
| 6 8.7, 80) 8.8 86) 6.4) 5.7/ 5.5) 5.4 5.6) 4.9) 4.6 6.7) 6.6 

| 


1 Reduced trom percentage of possible amount. 


Wind.—The chief features relative to wind direction 
are the clockwise shift from about northeast to or some- 
what beyond east with the approach of the rainy season 
over the eastern regions and the marked prevalence of 
northwest wind on the Pacific coast of the isthmus. 
Wind movement has a rather well defined march with 
maximum in February or March and with minimum in 
June or October. The extremes are about 15 miles an 
hour at Colon in March and about 4 miles an hour at 
San José in October. Data on maximum wind velocity 
are available for no region other than the Canal Zone 
and vicinity. 


TABLE 16.—Prevailing wind direction. 


Length 
Stations. ofrecord) Ja% Feb | varch.| April. | May. | June. 
(years). uary. y: 
11 | ne ene, ese.| @,ese. | e,ese. | e. @, ese. 
PEMD aexsvwestlinecsctes n, ne n, ne n, ne. n,ne. | s,sw. S$, SW. 
San Salvador........ } 14 | nw. a. s. sw. nw nw 
| 5 | ne. ne ne. ne. e 
(i eee 8 | nw. nw nw nw nw. nw 
5 7 | nw. nw. nw. nw. nw nw 
6|n,ne. | n,ne. | n n. n se 
Se Octo- | Novem-}| Decem- 
Stations. July. | August.|¢omber.| ber. ber. Annual 
e. e,ese. | ese. Nw,nnw.| ne, nnw.| ne, nnw.| e. 
S, SW. 8, SW. S, SW. S, SW. n, ne. n,ne. 
San Salvador........ n. nw. nw. 2. nw, n. nw. 
eS e. ne. ne. ene. ne. ene. ne. 
re nw. nw. nw. nw. nw. nw. nw. 
i Seer nw. nw. nw. nw. nw. nw. nw. 
n, se. se, W. se. se. w. n. n. 


| | 


Marcu, 1923. 
TABLE 17.—-Mean wind movement (miles per hour). 
Aly 
isle 
3/11. 1/12. 4/10, 1| 9.8) 5.3] 4.4) 5.3] 4.7) 4.4) 4.1] 6.6] 8.2) 7.2 
8| 89} 9.6]10. 4] 8.6) 6.2) 5.8) 6.9} 6.3! 6.0) 6.4] 6.3) 7.3) 7.4 
5| 8.4] 9.3] 9.8) 9.1/ 6.0] 5.0) 6.4] 5.8) 5.3) 4.9) 6.1] 7.8) 7.0 
6/13. 614. 9}15. 0/13. 4| 6.6) 8.5] 7.8) 7.0) 8.8|11.3.10.1 


TaBLE 18.—Maximum wind velocity (miles per hour). 


Length 
Stations. _|ofrecord dary. | rusry. | March. | April. | May. | June. 
years). 
ee eee 8 | 28,nw. | 29,nw ,nw. | 26,n. 27,se. | 34,s 
7 | 30,n. 33, 35, n. 31,n. 28,ne. | 31,s 
6 | 32,n. 36,ne. | 36,ne. | 33,ne. | 36,n. 33, se 
Stations. July. | August. Octo- Annual. 
59, Ss. 31,ne. | 31,ne. | 38,se. | 26,se. | 24,nw. | 59,s. 
39, n. 40,ne. | 32,ne. | 35,s. 40,ne | 27,ne. | 40,ne. 
40, s. 30, s. 37,w. | 38,sw. | 39,sw. | 38,n. 40,8. 
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Merz, Alfred. Beitrige zur Klimatologie und Hydrographie Mittel- 
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Willson, F.D. The Climatology and Hydrology of the Panama Canal. 

Davis, A. P. Hydrography of the American Isthmus. 

Greely, A.W. The Nicaragua Canal in its Military Aspects. 

Lottermoser, Eckhard. Die Regenverhiltnisse Mittelamerikas mit 
besonderer Beriicksichtung von Salvador und Siid-Guatemala. 

Lottermoser, Eckhard. Die Ergebnisse der Temperatur-Beobach- 
tungen in Salvador und Siid-Guatemala. 

Hann, Julius. Handbuch der Klimatologie, 1908. 

Meteorologische Zeitschrift. [Various issues vols. 8-38, inclusive. ] 

Anales del observatorio nacional meteorolégico de San Salvador. 
[Various issues. ] 

Boletin del Instituto fisico-geogrdéphico de Costa Rica. [Various issues.] 

Report of the Nicaragua Canal Commission, 1897-1899. 

Summary of Meteorological Observations at Belize (St. Joseph’s Observa- 
tory). [Various 

Report of the Governor of the Panama Canal. 


NOTES, ABSTRACTS, AND REVIEWS. 


HAWAIIAN RAINFALL STATISTICS FOR 1922.! 


From the published rainfall statistics for Hawaii, 1922, 
we cull the following interesting information: 

The rainfall during the first three months of the year 
was considerably in excess of the normal; then followed 
five successive months of deficient rains and the year 
closed with rainfall about 9 inches below the normal. 

The greatest recorded catch, 452.00 inches, was on the 
summit of Mount Waialeale, Kaui, elevation 5,075 feet ? 
and the least 3.18 inches at Olowalu, elevation 10 feet on 
the leeward shore of Maui. Other points where a catch 
of more than 300 inches was recorded are, Puu Kukui 
(upper) Maui, altitude 5,000 feet 346 inches, 103 inches 
of which is said to have fallen in the single month of 
January. The catch at Waiakamoi Gulch, Maui, alti- 
tude 4,250 ft. was 342.64 inches, which fell in 217 days, 
or an average of 1.5 inches per day. The rainfall of the 
Hawaiian Group is almost wholly orographic. 

It is only when the northeast trades temporarily 
weaken or suspend, as happens in the case of the passage 
of barometric troughs (kona storms), that rain of any 
consequence falls on the leeward slopes of the islands 
and this is the explanation of the very small amount 
registered at Olowalu, as above.—A. J. H. 


CONCERNING THE ORIGIN AND DISAPPEARANCE OF 
SURFACES OF DISCONTINUITY IN THE ATMOSPHERE. 


By J. W. SaAnpstTROM. 
[Abstracted from Mtcorologische Zeitschrift, Feb. 1923, pp. 37-39.) 
The investigations which have been carried on in the 
mountains of Sweden have revealed several types of 
1 Climatological Data, Hawaii Section, Annual Summary 1922. Thomas R. Blair, 


Meteorologist. 
*Cf. Mo. WEA. REV. 47: 305-308. 


surface of discontinuity, some of which are very obvious 
and of practical importance, and some of which are 
easily overlooked. As an example of the former, the 
clear region bordering the coast which is much utilized 
by coastwise sailors, is due to the meeting of cold, heav 

easterly air with warm, westerly air. The westerly air 
is underrun by the easterly and an ever-thickening cloud 


layer is formed which eventually reaches the surface 


of the sea as a fog bank with an almost vertical front. 
Other, less-marked, discontinuities occur above valleys 
in which air has been cooled by radiation and another 
current of air flows over the top of the valley air. Vague 
discontinuities occur at the upper surface of a layer 
of warm surface air in a convective region. After 
sufficient warm air has accumulated, the ascending 
column gives rise to very sharp discontinuities between 
itself a the surrounding atmosphere. 

The author has conducted researches relative to the 
temperature distribution in water under quiet conditions 
and also when surfaces of discontinuity were formed. 
The results of these investigations, and also of his meteoro- 
logical observations, indicate that the relative speed of 
the two adjacent streams and not the difference in tem- 
perature alone determines the degree of sharpness of the 
surface. 

Owing to its geographical situation, Sweden becomes 
the meeting-ground, in winter, of sharp contrasts in 
temperature between continental air to the east and 
oceanic air to the west. With moving cyclones in 
which these masses of air are converted into rapidly 
moving streams there frequently appear upon the 
weather map the phenomena which Bjerknes has related 
to the Polar Front. But between such moving cyclones, 
the wind speed is diminished and often it is impossible 


- to trace the surface of discontinuity. Thus, the author 


7 j 
| 
a 
? 
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feels that the Bjerknesian scheme of the moving waves 
in the Polar Front is not conclusive.—C. L. M. 


DISTRIBUTION OF ICE IN ARCTIC SEAS, 1922. 
[Reprinted from Nature, London, Mar. 24, 1923, p. 411.] 


The publication by the Danish Meteorological Insti- 
tute of ‘The State of the Ice in the Arctic Seas, 1922” 
directs attention to a somewhat unusual year, but 
unfortunately information is almost entirely lacking from 
Siberian waters and very scanty from the Beaufort Sea. 
By April the extent of pack in the Barents Sea was 
much smaller than usual. Bear Island, which had been 
free from ice all winter, was clear, and open water almost 
reached to Nova Zembla. The edge of the ice con- 
tinued to retreat. In July the whole west coast of Nova 
Zembla was clear, and in August Franz Josef Land was 
probably accessible by open sea. 

Early in the year conditions in Spitzbergen were about 
normal. In May and early June an unusual amount of 
ice drove round the South Cape before continuous 
easterly winds, but this resulted in the west coast being 
practically free from ice for the remainder of the summer. 
On the north coast conditions were particularly favor- 
able, and a vessel reached latitude 81° 29’ N. Some 
sealers circumnavigated Spitzbergen, a feat that is not 
possible in most years. In the Greenland Sea the belt 
of pack lay more westerly than usual, and though the 
east coast of Greenland does not appear to have been 
clear of ice, open water touched the coast in about lati- 
tude 74° N. during August. Jan Mayen and the coast 
of Iceland were free from pack from May onward through- 
out the summer. On the Newfoundland Banks both 
— and icebergs were abundant in early spring, but 

uly was clearer than usual. In Davis Strait the winter 
ice was thinner and the “west ice” less abundant than 
usual. In Bering Strait conditions were fairly normal, 
but along the north coast of Alaska the pack pressed 
hard and navigation was much hindered. 


Marcu, 1923 


PREDICTING DROUGHT IN EUROPE.' 
By F. Erepia. 
[Reprinted from Science Abstracts, March 25, 1923, p. 119.] 


The author discusses the possibility of forecasting a 
eriod of drought some months in advance. Attempts 
in this direction have not hitherto led to a practical solu- 
tion of the problem. The method generally adopted is to 
compare the values of certain meteorological elements, 
and iy means of correlation to deduce from the numerical 
values of the relative coefficients the connection, inti- 
mate or otherwise, between the given elements. Thus 
some have admitted and others denied the relation be- 
tween droughts and sunspots, the sun being considered 
as the primary determinant of all meteorological phe- 
nomena. More practical results may be achieved by 
examining the course of such meteorological elements as 
are characterized by stability, and of which it is possible 
to forecast the ulterior direction. Such an element is 
the barometric pressure. 

From an examination of droughts in Italy it is clear 
that the characteristic barometric distribution is the 
persistence of anticyclonic areas in the Alpine and ad- 
joining regions. Periods of high pressure coincide with 
dry periods. Extending our researches to the barometric 
conditions preceding droughts in the British Isles, it is 
found that persistent low pressure in the Arctic regions, 
and especially over Spitzbergen, points to the probable 
imminence of a dry period. In Italy, with persistent 
high pressure on the west coast of Europe, and especially 
on the French Atlantic seaboard, a shortage of rain is 
almost certain. We are thus led to consider droughts 
not as isolated phenomena, but as being intimately con- 
nected with the atmospheric circulation. The author 
concludes that we shall be better able to foresee the con- 
ditions favorable to the formation of dry periods the 
more extensive our knowledge of the meteorology of the 
northern regions, where profound modifications of baro- 
metric distribution are first revealed.—F. F. 


1 Elettrotecnica, November, 1922, 9: 746-748. 
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RECENT ADDITIONS TO THE WEATHER BUREAU 
LIBRARY. 


C. Tautman, Meteorologist in Charge of Library. 


The following have been selected from among the titles 
of books recently received as representing those most 
likely to be useful to Weather Bureau officials in their 
meteorological work and studies: 


Alter, Dinsmore. 

Rainfall period equal to one-ninth the sun-spot period. Lawrence. 
1922. p. 17-99. diagr. 244cm. (Kansas univ. science bulle- 
tin. v.13. July, 1922.) 

Andrews, Walter. 

Puget Sound weather and folks. 

cerpt: Farm jourpal. Phila. 
Bateman, H. 

Decay ofasimple eddy. Washington. 1922. 7p. 29cm. 

adv. comm. for aeron. Report no. 144.) 
Belden, W. S. 

Movement of a storm area across the United States and southern 
Canada. p. 122-126. illus. 23}cm. (Repr.: School sci. and 
math. v. 33. Feb., 1923.) 

Blasingame, R. U. 
Do lightning-rods protect? p. 11, 70-71. illus. 30} cm. [Ex- 
cerpt: Farm journal. Phila. v.47. Apr., 1923.] 
Coblentz, W. W. 
Further tests of stellar radiometers and some measurements of 
lanetary radiation. Washington. 1923. p. 535-558. 25$cm. 
tv. S. Bureau of standards. Scientific papers. No. 460.) 


p. 52-67. illus. 304cm. [Ex- 
v.47. April, 1923.] 


(Nat, 


Congrés international de la navigation aérienne. 
remier ... Paris 15-25 novembre 1921. 4 v. in 3. Paris. 
{c1921.] v. 1-4. illus. plates (fold.) 254 cm. 

Dorno, C. 

Tageslichtmessungen in Innenriumen . 17-26. 24 cm. 
(Schweiz. Zeits. f. Gesundheitspflege. 3. Fines. 1923.) 
Eaton, H. N 
Aerial navigation and navigating instruments. Washington. 1922. 
44 p. illus. plate. 29} cm. (Nat. adv. comm, for aeron. 
Report no. 131. 

Eaton, H. N., & MacNair, W. A. 

Altitude effect on air-speed indicators. No. 2. Washington. 
1922. 46 p. illus. 294 cm. [Continuation of report no. 110.] 
(Nat. adv. comm. for aeron. Report no. 156.) 

Eckardt, Wilh. R. 

Grundziige einer Physioklimatologie der Festlinder. Berlin. 1922. 
123 p. illus. 254 cm. 

Eredia, Filippo. 

Il clima di er-Regima (Cirenaica). Roma. 1922. 13 p. 24cm. 
(Extr.: Boll. diinformazioni. Anno 1922. N. 4.) 
L’organizzazione meteorologica internazionale in relazione con 


laeronautica. Roma. 1922. 15 p. 25 cm. (Atti della Soc. 
ital. di aerotecnica. Anno2. N.1-2. 1922.) 
La siccité del 1921. Roma. 1923. 60p. illus. 254 cm. 


Sul calcolo delle precipitazioni acquee normali nella loro riparti- 
zione annuale. Roma. 1922. 10p. plate (fold.) 254cm. (Extr.: 
Annali del Consig. sup. delle acque. Anno 1922. v. 4, fasc. 2-3.) 

Fonseca, Pedro S. 

Valor etiolégico de la humedad atmosférica en el Salvador. San 
Salvador. 1922. 19 p. illus. 234 cm. (Mem. enviada al 6 
cong. medico Latino-Americano, sec. higiene y demografia. La 
Habana, Nov., 1922.) 


4 
7 
| 
| 


1 


Marcu, 1923. MONTHLY WEATHER REVIEW. 143 
[Hamburg.] Deutsche Seewarte. U. S. Bureau of standards. 
Funk-Wetter. Liste und Schliissel der Wetterfunkspriiche, funk- Testing of barometers and altimeters. 3ded. Washington. 1922. 


entelegraphischen Zeitsignale und Eismeldungen. 4th Aufl. 


Altona. [1922.] 84 p. maps. 24 cm. (Deutsche Seewarte. 
Abt. III. Juni, 1922.) 
Funk-Wetter. Beiheft. 4th Aufl. Altona. [1922.] Buchstab- 


enerliuterung und Umrechnungstabellen. 27 p. 234 cm. 
(Deutsche Seewarte. Abt. III. Juni, 1922.) 
Hartmann, Wilhelm. 

Schichtgrenzen- und Wolkenbildung in der freien Atmosphiire. 
Einige Ergebnisse der Beobachtungen des Feldbergobserva- 
toriums der Landeswetterwarte. Karlsruhe. 1922. 20 
illus. 28 cm. (Verdffentlichungen der Badischen Landeswetter- 
warte. Nr. 3. Abhandlungen Nr. 2. 1922.) 

Hellmann, G. 

Stérungen im jiihrlichen Gange der Temperatur in Deutschland. 
{Berlin.] p. 4-19. 254 cm. (Sitzungsb. der preuss. Akad. 
Wissensch. II. 1923.) 

Henry, Augustine. 

Forests, woods and trees in relation to hygiene. London. 1919. 
xii, 314 p. illus. plates. 224 em. [Chapter 1. Influence of 
forests on climate. Bibliography, p. 1i-12. 

Hildebrandsson, H. H. 

Sur les variétés des cirrus. p. 445-457. illus. 2414 cm. (Geogra- 

fiska annaler. H. 3-4. 1922.) 
Hunt, Franklin L., & Stearns, H. O. 

Aircraft speed instruments. pt. 1-3. Washington. 1922. 38 p. 

illus. 29 cm. (Nat. adv. comm. for aeron. Report no. 127.) 
Hurd, Willis E. 

Tropical storms of the eastern North Pacific ocean. Washington. 

1923. lsheet. figs. 6614 x 97 cm. 
Italy. Servizio idrografico. 

L’opera del Servizio idrografico nel biennio 1921-1922. Memorie 
e studi idrografici. Roma. 1923. 218 p. figs. plates (part 
fold.) 26 cm. 

Italy. Ufficio idrografico. 

Carte annuali delle piogge nella regione veneta per gli anni 1917 
e 1918. Venezia. 1922. 32 p: maps (fold.) 26 cm. (Pub- 
blicazione N. 93.) 

Kloster, Wilhelm. 

Bewolkungs-, Niederschlags- und Gewitterverhiltnisse der west- 
indischen Gewiisser und der angrenzenden Landmassen. 
Hamburg. 1922. 67 p. illus. plates (fold.) 2914 cm. (Archiv 
der Deutschen Seewarte. 40. Jahrg. H. 1. 1922.) 

Manuel, R. P., & Navarro-Neumann, M. S. 

El barégrafo de mercurio de la estacién sismoldégica de a 
Granada). Nota leida por el académico numerario Dr. Eduardo 
ontseré. Barcelona. 1923. 6 p. illus. 29 cm. (Memorias 

R. acad. de cien. y artes. Barcelona. v. 17. 3d época. nim. 22.) 
Mears, A. H., & others. 

Altitude instruments. Washington. 1922. 64 p. illus. 29} cm. 

(Nat. adv. comm. for aeron. Report no. 126.) 
Mercanton, Paul L. 

Influence du relief terrestre sur la teneur en ions de l’atmosphére. 
Lausanne.] 4 p. 224 cm. (Extr.: Soc. vaud. des sci. nat. 
roeés-verb. Séance 5 juil. 1916.) 

Quelques cas historiques de réfraction atmosphérique excessive. Pe 
16-18. 23cm. (Extr.: Soc. suisse de géoph., mét., et astron. n. d.) 

Morocco. Service météorologique. 

Note sur la signification des termes employés dans les télégrammes 
et radiogrammes du service de prédiction de la houle au Maroc. 
n.p.n.d. unp. diagr. 31cm. [Manifolded.] 

Nedelkovich, Milan. 

{Meteorology and agriculture.] Belgrad. 1907. 100 p. 25} cm. 

[Title and text in Russian.] 
Ontario, [Fire marshal.] 

Lightning rod act. Rules and regulations prescribed thereunder. 
Standardization of equipment and methods of installation. 
Toronto. 1922. v, 66 p. illus. 20cm. 

Peppler, Wilhelm. 

Die Niederschlagsverhiiltnisse in Baden. 
Beobachtungen von 1888-1917. Karlsruhe. 

lates. 28 cm. (Verdff. Badischen Landeswet. 
andl. Nr. 1. 1922.) 
Rosenstein, A. B. 


Auf Grund 30-jihriger 
1922. 16 p. 
Nr. 2. Ab- 


Climate of Jaffa—Telaviv—Sarona. Telaviv. 1922. 19, xxx p. 
_. 244em. [Text in Hebrew and English.] 
Slipher, V. M. 
Spectrum of Venus. n. p. [1921.] p. 85-89. plate. 31 cm. 


[Investigation of the atmosphere of Venus.] (Lowell obs. v. 
no. 9. Bulletin no. 84.) 
Spitaler, Rudolf. 
Stiindlicher Gang des Luftdruckes auf dem Donnersberge. 1905- 
1914. 1922. 121,121 p. 32cm. (Verdff. met. Obs. Don- 
nersberge (Béhmen). Nr. 7-8.) 
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22 p. tables. diagrs. 274 cm. 
Wechsler,” A. 

Microbarograph and the measurement of heights by the baro- 

metric method. London. n.d. 8p. illus. 214 cm. 
Wolfer, A. 

Die Sonnenfleckenhiufigkeit in den Jahren 1902-1920. [Ziirich. 
1921.] p. 31-33. diagr. 294 em. (Abdruck aus Jubiliiums- 
num., Astron. Nachr.) 

Wright, R. C., & Taylor, George F. 

Freezing temperatures of some fruits, vegetables, and cut flowers. 
Washington. 1923. 8 p. 234 cm. (U.S. Dept. agric. Dept. 
bull. no. 1133.) 


(Bur. stand. Circular no. 46.) 


RECENT PAPERS BEARING ON METEOROLOGY AND 
SEISMOLOGY. 


C. F. Tatman, Meteorologist in Charge of Library. 


The following titles have been selected from the con- 
tents of the periodicals and serials recently received in 
the Library of the Weather Bureau. The titles selected 
are of papers and other communications bearing on 
meteorology and cognate branches of science. ‘This is 
not a complete index of all the journals from which it 
has been compiled. It shows only the articles that 
appear to the compiler likely to be of particular interest 
in connection with the work of the Weather Bureau. 


Aerial age. New York. v.16. March, 1928. 
Gregg, Willis Ray. What the Weather bureau is doing for avia- 
tion. p. 120-123; 136. 
Aeronautical digest. New York. v.2. April, 1923. 
Meisinger, C. LeRoy. The scope of aeronautical meteorology. 
p. 251-252; 295. 
Akademie der Wissenschaften. Sitzwngsberichte. Wien. Abt. Ila. Bad. 
130. H.7 & 8. 1921. 
Defant, Albert. Die Bestimmung der Turbulenzgréssen der at- 
mosphirischen Zirkulation aussertropischer Breiten. p. 383- 


403. 
American society of heating and ventilating engineers. Journal. New 
York. 0. £9. arch, 1923. 


Hodge, O. f. The testing of anemometers. p. 75-78. 

Houghten, F. C., d& Yagloglou, C. P. Determining equal comfort 
lines. Laboratory tests conducted give results for still air con- 
ditions. p. 165-176. 

Ingels, Margaret. New data on air dust determinations.—Further 
developments in the Anderson and Armspach apparatus. . 
p. 177-193. 

Annalen der Hydrographie und maritimen Meteorologie. Berlin. 50. 
Jahrg. 1922. 
Wiese, W. Die Einwirkung des Polareises im Grénlindischen 


Meere auf die Nordatlantische zyklonale Titigkeit. p. 271-280. 
(Okt.) 

Letzmann, Johannes. Die Trombe von Cuxhaven am 16, Juli 1922. 
p. 306-308. (Nov.) 

Castens, G. Windgeschwindigkeitsiinderung und Regenfall. p. 
332-333. (Dez.) 


Kleinschmidt, E. Bemerkungen zu der Arbeit von H. Bongards: 
Der tigliche Gang des Luftdrucks. p. 330-332. (Dez.) 

Képpen, W. Jihrlicher Gang der Regenhiufigkeit in der Umge- 
bung der Ostsee. p. 313-316. (Dez.) 

Spitaler, R. Erwiderung auf die Bemerkungen zu meiner Theorie 
der tiiglichen Luftdruckschwankung. p. 322-330. (Dez.) 

Astronomie. Paris. 37 année. 1923. 

Descombes, Paul. Les anomalies météorologiques et |’influence 
du déboisement. p. 79-82. (Fév.) 

Raymond, G. La pluie et les orages en Provence. p. 128-150. 
(Mars.) [Period equal to one-fourth the rotation period of the 
sun. 

British association. London. 
1923. 

Richardson, Lawrence. The distribution of light in the earth’s 
shadow. p. 178-195. 

Cuba. Observatorionacional. Boletin. Habana. v.18. Octubre 1922¢e 

Millas, José Carlos. El ciclén de Isla Mujeres y Cozumel 17-18 d. 
octubre de 1922. p. 189-206. 

Discovery. London. v.39. March, 1923. 
Britton, C. E. How upper winds are measured. p. 77~79. 
Russell, A. S. Sunspots and climate. p. 79-80. 


Journal. v.33. February, 
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France. Académie des sciences. Comptesrendus. Paris. 1.176. 1928. 
Bauer, E., & Danjon, A. L’absorption atmosphérique au mont 
Blanc. p. 761-763. (12 mars.) 4 
Eredia, Filippo. Sur la température de l’air en Tripolitaine. p. 
850-852. (19 mars.) 
Franklin institute. Journal. Philadelphia. v. 195. April, 1928. 


Swann, W. F. G. Unsolved problems of cosmical physics. p. 
433-474. [Discusses atmospheric electricity, terrestrial mag- 
netism, etc.] 

Geografiska annaler. Stockholm. Arg. 4, 1922. 

Hildebrandsson, H. H. Sur les variétés des cirrus. p. 445-457. 

Wallén, Axel. La météorologie agricole internationale. p. 496- 
498. [Acct. of Rome meeting of Int. commission, May, 1922.] 

Wallén, Axel. Réunion de ]’ Union internationale de géodésie et de 
géophysique 4 Rome en mai 1922. p. 488-492. 

Géographie. Paris. t. 39. Féb. 1923. 

Espinay, Fernand d’. Quelques observations sur les tremblements 

e terre des 5 et 6 avril 1922 4 Quito et dans la région avoisinante. 
p. 210-214. 

Girardin, Paul. Henri Vallot. (1853-1922.) p. 231-236. [Obitu- 
ary. 

Great Dakin. Meteorological office. Monthly meteorological charts. 
East Indian seas. London. May, 1923. 

Howard, A. G. W. Clouds. 

Hemel en dampkring. Den Haag. 21 jaargang. 1923. : 

Kamerling, Z. Enkele opmerkingen over de meerjarige, min of 
meer perlodische, meteorologische variaties. p.80-83. (Maart.) 

Schoute, C. Getijden in den dampkring. p. 107-110. (April.) 

Iberwca. Tortosa. Afio10. 8 Marzo 1928. 

Trullas, Pedro. El gran terremoto del pacifico del 3 de febrero de 
1923. p. 136-138. 

Internaiional institute of agriculture. International review of the science 
and practice of agriculture Monthly bulletin of agricultural intelli- 
gence and plant diseases. Rome. v.13. 1922. 

Lyon, C. J. Correlation between the temperature and the dates of 
flowering in New England, U. S. A. p. 805. (July.) [Ab- 
stract from Torreya.] 

Azzi, G. Critical period of wheat as regards rain. p. 1184-1185. 
(October.) [Abstract.] 

De Vilmorin, J. Effects of a dry, warm year on wheat crops grown 
at Verriéres. p. 1305. (November.) [Abstract.] 

Azzi, G. Effect on the yield of wheat of variations in the degree 
of humidity of the soil during and after the critical period. p. 
1431-1433. (December.) [Abstract.] 

Hessling, N. A. Effect of meteorological factors on the quality 
and quantity of wheat produced in Argentina. p. 1427-1431. 
(December.) [Abstract. 

Silveira, Alvaro A. de. The climate of the mountainous regions of 
Minas Geraes (Brazil) in relation to agricultural and zootechnical 


conditions. p. 1426-1427. (December.) [Abstract.] 
Japan. Central_ meteorological observatory. Seismological bulletin. 
Tokyo. v. 1. December 1922. 


Nakamura, Saemontaro. On the destructive earthquakes in For- 
mosa on the 2nd and 15th of September 1922. p. 60-69. 
Nakamura, Saemontaro. The record of the Chilean earthquake on 
the 11th of November, 1922. p. 70-72. 
Japanese journal of physics. Transactions and abstracis. Tokyo. v. 1. 
1922. 
Tamaru, Takuré. An instrument to measure the direction and 
speed of wind relative to an aeroplane. p. (1). 
Literary digest. New York. v.76. March 17, 1923. 
Rainmaking by airplane. p. 24-25. [Abstract of various articles 
on the Bancroft-Warren experiments. ] 
Meteorological magazine. London. v.57. January, 1923. 
Bilham, E. G. The line squall of November 26, 1922. p. 323-327. 
W{hipple], F. J. W. Sleet: a word with many meanings. p. 338- 
339. 
Meteorological society of Japan. Journal. Tokyo. 42d year. Feb- 
ruary, 1923. 
Fujiwhara, Sakuhei. Fourth report on the vortical motion. p. 
31-34. [In Japanese, with English abstract.] 
Morita, Heizi, & Isii, Tuneo. On the relation of barometric gra- 
dient and the velocity of north wind at 14h. at Kumagaya. 
p. 27-31. [In Japanese, with English abstract. ] 
Meteorologische Zeitschrift. Braunschweg. Band 40. 1928. 
Grosse, W. Goethe und die doppelte Luftdruckschwankung. p. 


61-62. (Feb.) 

Hofmann, Alb. Zur Methodik der Polarisationsmessungen. p. 54— 
56. (Feb.) 

—— W. Nachruf auf Erwin Knipping. p. 47-48. (Feb.) 
[ | 

= rich. Zum Klima von Mazedonien. p. 48-51. 
(Feb.) 


Loewe, Fritz. Die Niederschlagsverhiltnisse Marokkos (nach A. 
Bernard.) p. 59-61. (Feb.) 
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Braunschweig. Band 40. 1928—Con. 

Moltchanoff, P. Die p. 51-52. (Feb.) 

Moltchanoff, P. Verteilung der Luftstrémungen mit zunehmender 
Hohe in verschiedenen Teilen von Zyklonen und Antizyklonen, 
p. 52-54. (Feb.) 

Oedl, Robert. Uber Héhlenmeteorologie, mit besonderer Riick- 
sicht auf die grosse Eishéhle im Tennengebirge (Eisriesenweld.) 

. 33-37. (Feb.) 

Réna, S. Volumenvermehrung adiabatisch aufsteigender Luft. _p. 
39-47. (Feb.) 

Sandstrém, J. W. Uber das Entstehen und Verschwinden der Dis- 
kontinuitatsflichen in der Atmosphire. p. 37-39. (Feb.) 

Troeger, Heinz. ‘‘Temperaturabnahme in einer Gasmischung.”’ 


p. 56-57. (Feb.) 

Baur, Franz. Bemerkungen zur Aufsuchung von Perioden in Wit- 
terungserscheinungen. p. 90-92. (Mirz.) 

Ficker, H. Polarfront, Aufbau, Entstehung und Lebensgeschichte 
der Zyklonen. p. 65-79. (Mirz.) 

Gockel, A. Zur Sohnckeschen Theorie der Gewitterelektrizitit. 
p. 87-88. (Marz.) 

Kerner, Fritz v. Die Grundgleichung der Palioklimatologie. p. 
80-83. (Mirz.) 

a A. Kolloidforschung und Meteorologie. p. 83-86. 
(Marz.) 


Schmidt, Wilhelm. Das Wandern des Wasserdampfes quer iiber 
die Breitenkreise. 88-90. (Mirz.) 

Weiler, Margarete. Uber Sehweite und Helligkeit. p. 86-87. 
(Marz. ) 


Metropolitan life insurance company. Statistical bulletin. New York, 
v.4 February, 1923. 

Temperature and mortality in New York City. A preliminary 
report from the Committee on the atmosphere and man. Na- 
tional research council. p. 3-7. [Reprinted in Mo. Weatuer 
Rev., Feb., 1923, pp. 85-86.] 

Nature. London. v.111. 1923. 

Lindemann, F. A. & Dobson, Gordon M. B. The high tempera- 
ture of the upper atmosphere. p. 256. (Feb. 24.) 

Deeley, R. M. The cause of anticyclones. p. 256. (Feb. 24.) 

C., G. A. J. Climates of the past. p. 304-305. (March 3.) [Re- 
view of work by Eckardt.] . 

Goldie, A. H. R. The cause of anticyclones. p. 429-430. (March 

31 


Oldham, R. D. The character and cause of earthquakes. p. 432- 


434. (March 31.) 
Fisher, R. A. Paradoxical rainfall data. p. 465. (April 7.) 
Nature. Paris. 51 année. 1928. 
L’explosion d’Oldebroek. Suppl. p. 49-50. (17 fév.) 


La propagation du son et les changements de temps. Suppl. p. 73. 


(10 mars.) 
Naturwissenschaften. Berlin. 11. Jahrg. 1928. 

Wegener, Kurt. Die meteorologischen Bedingungen fiir den Segel- 
flug. 4-7. (5. Jan.) 

Tams, E. Der gegenwirtige Stand der Erdbenforschung (Seis- 
mologie). p. 49-60. (26. Jan.) 

Stérmer, Carl. Hohe und Lage des Nordlichtes am 22. Mim 
1920. 202-203. (16 Miirz.) 


Werth, Der phinologische Reichsdienst. p. 208-209. (16 
Mirz 1923.) [Abstract. 
North American almanac. Chicago. 1923. 
Cox, Henry J. Weather by months. p. 58-63. 
Talman, Charles Fitzhugh. Almanac weather. p. 112-121. 
Physikalische Zeitschrift. Leipzig. 24. Jahrg. 1. Jan. 1923. 


Bongards, Hermann. Radioaktive Zerfallsprodukte in der Atmos- 
phare und die Wahrscheinlichkeit ihrer Herkunft von der Sonne. 


p. 16-19. 
Popular science monthly. New York. v. 102. May, 1923. 
Blizzard warnings from the Arctic. p. 61. 


Prussia. Aeronautisches Observatorium bei Lindenberg.  Arbeiten. 
Braunschweig. 14. Band. 1922. 
Ficker, H. Verinderlichkeit des Luftdruckes in der unterel 
iiber Lindenberg. p. 85-103. 
Herath, Friedrich. Meteorologie und Wellentelegraphie. Beelt- 
fliissung des Funkverkehrs durch die Gleitflichen in der Atmos 
phire. p. 119-127. 
Hergesell, H. Der tigliche Gang der Temperatur in der freien 
Atmosphire tiber Lindenberg. p. 1-43. 
Reger, J. Der tigliche Gang der Peuchtigkeit iiber Lindenberg. 
p. 44-61. 
Robitzsch, M. Periodizititen im Gange des Luftdruckes und det 
Lufttem peratur. p. 137-149. 
Robitzsch, M. Die Strahlung in Lindenberg wiihrend des Jahres 
1920. p. 128-136. 
Schneider, Karl. Die Hochaufstiege am Observatorium Lindet- 
berg. p. 150-157. 
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Prussia. Aeronautisches Observatorium bei Lindenberg. Arbeiten. 


14. Band. 1922—Continued. 
Wolkenmessungen mit den Entfernungsmesser. p. 
158-161. 


Stiive, G. Aerologische Untersuchungen zum Zwecke der Wetter- 
diagnose. p. 104-116. 

Stiive, G. Eine Verbesserung der Haarhygrometer. p. 117-118. 

Tetens, Otto. Der tigliche Gang des Windes in der ive Atmos- 
phire tiber Lindenberg. p. 62-84. 

bats me K. Die Flugstelle des Observatoriums Lindenberg. p. 
162-167. 

Revue générale des sciences. Paris. 34. année. 15 fév. 1923. 

—— Ph., & Wehrle, Ph. Les systémes nuageux. p. 
72-79. 

Royal meteorological society. Quarterly journal. London. v. 48. 

ctober 1922. 

Clark, J. Edmund, Adames, Henry B., & Margary, Ivan D. Report 
on the phenological observations in the British Islands, from 
December 1920 to November 1921. No. 31, new series. 

Dines, i S. Note on the effect of a coast line on precipitation. p. 
357-362. 

Dines, L. H. G. Note on wind structure at Valencia observatory, 
Cahirciveen. 362-364. 

Douglas, C. K. M. Observations of upper cloud drift as an aid to 
research and to weather forecasting. p. 342-356. 

Hay, G. R. Arrangements for supplying information to pilots fly- 
ing on the London-continental air routes. p. 365-370. 

Mr. W. L. Jordan, F. R.G.S. p. 371-372. [Obituary.] 

Retirement of W. H. Dines, F. R. 8. p. 291-292. 

Richardson, L. F., Wagner, A., & Dietzius, R. An observational 
a — geostrophic approximation in the stratosphere. p. 

8-341. 
Waran, H. P. A new form of direct-reading barometer. p. 287-291. 
Royal society of London. Proceedings. London. Ser. A. v. 102. 
March 1, 1923. 
C. G. Knott, 1856-1922. p. xxvii-xxviii. [Obituary.] 
G. W. Walker, 1874-1921. p. xxii-xxvi. [Obituary.] 
Science. New York. v. 17. 1928. 

Fog removal and rain making. Suppl. p. ix. (March 2.) 

Humphreys, W. J. Three of a kind. p. 386-391. (March 30.) 
[Review of three recent books on meteorology.] 
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Scientific American. New York. v. 128. April, 1923. 
Sand-blasting the clouds for man-made weather. 
Sirius. Leipzig. Bd. 56. Jan./Miérz 1923. 


Schmid, F. Die Nachtdimmerung. p. 1-15. 

Sociéta meteorologica italiana. Bollettino bimensuale. Torino. 

Gennaio- Marzo 1923. 
Crestani, G. L’installazione del pluviometro. p. 17-19. 
Eredia, Filippo. Cosimo de Giorgi. p. 19-20. (Obituary. 
Eredia, Filippo. Sul clima dello stretto di Magellano. p. 1-4. 
Gamba, Pericle. Massimi e minimi di temperatura nel clima di 
Pavia. Trentennio—1892-1921. p. 5-17. 


Tycos-Rochester. Rochester, N. ¥Y. v.13. April, 1923. 
Flora, S. P. Dry weather electric storms. p. 22-23. 
Is the earth’s climate changing? p. 10-13. 
Moulton, Robert H. Jack Frost not so bad as he is painted. Many 
beneficial results are due to action of frost on fruits and plants. 
p. 24-25; 37. 
Pearce, E. P. Some notes on weather forecasting. p. 14-15. 
Umschau. Frankfurt. 27. Jahrg. 1923. 
Képpen, W. Die Klimate der Planeten. p. 1-3. (6. Jan.) 
— “y Ein alter Gedanke in neuer Anwendung. p. 24. (13. 
an. 
U.S. Air service. Washington, D.C. v.8. April, 1923. 
Inventor says he can make rain, but Weather Bureau won't predict 
his shower. p. 27. 
Sherry, B. J. The meteorological service on the Army’s model 
airway. p. 23-24. 
U. S. Hydrographic office. Pilot chart of the Indian ocean. May, 1923. 
Hurd, Willis Edwin. Tropical storms of the eastern North Pacific 
ocean. 
Wetter. Berlin. 40. Jahrg. Jan.-Feb.-Méarz 1922. 
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SOLAR OBSERVATIONS. 


SOLAR AND SKY RADIATION MEASUREMENTS DURING 
MARCH, 1923. 


By Herserr H. Kimsatt, In Charge, Solar Radiation Investigations. 


For a description of instruments and exposures and an 
account of the method of obtaining and reducing the 
measurements, the reader is referred to this Review for 
April, 1920, 48:225, and a note in the issue for November, 
1922, 50:595. 

From Table 1 it is seen that direct solar-radiation in- 
tensities averaged somewhat below the normal values for 
March at Washington, and close to normal at Madison 
and Lincoln. An intensity of 1.48 gram-calories per 


minute per centimeter square measured at Washington 
at noon on March 29 equals the highest intensity pre- 
viously measured at that station in March. 

Table 2 shows that the total solar and sky radiation 
Meeived on a horizontal surface averaged above the 
laarch normal at Madison and Lincoln, and during the 
rest two weeks of the month at Washington. 

Skylight-polarization measurements obtained at Wash- 
ington on 11 days give a mean of 56 per cent, with a 
maximum of 63 per cent on the 29th. These are slightly 
below the average values for Washington for March. At 
Madison the ground was covered with snow throughout 
the month, and no measurements were obtained. 
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Tas.E 1.—Solar radiation intensities during March, 1923. 
{Gram-calories per minute per square centimeter of normal surface.] 
Washington, D. C. 
Sun’s zenith distance. 
= 
‘S a.m. 78. 7° | 75.7° | 70.7° 60.0° | 0..0° | 60.0° | 70. 7° | 75.7° | 78. 7° 
- | 
Date. Air mass. Local 
| | mean 
| tan | solar 
‘time. A.M. | P.M. 
|e | 50 | 40 | 30 | 20/110) 20 | 30 | 40 | 5.0 | e. 
/mm. cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | mm. 
0. 80) 1.32 1.14) 1.00) 0.82; 0.69 2.16 
1.13; 1.41, 1.09) 0.84) 0.74) 0.67) 2. 62 
1.48 1.19) 0.98) 0.86)...... 1.45 
0.75; 1.21; 1.04 0. 90) 0.75; 0.66 4.75 
1.23} 1 1.13, 0.90 0.69) 0.60 1.52 
1.06) 1.21 Lo 1.52 | 1.45 
| 0.68 0.76 0.85 1.08 1.41 1.09 0.93 0.76 0.64)...... 
Departures. . .-. —0.03 —0. 06 —0. 10 —0. 07\—0. 01 —0. 03'+0. 00'—0. 03/—0. 04 


1 Extrapolated. 
Madison, Wis. 
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TaBLE 1.—Solar radiation intensities during March, 1923-—Continued. 


Lincoln, Nebr. 


Sun’s zenith distance. 
8 a.m.| 78.7° | 75.7° | 70.7° | 60,0°| 0.0° | 60.0° | 70. 7° | 75. 7° | 78.7° 
Date. 75th Alr mass. Local 
mean 
solar 
time. A.M P.M. time, 


0.91. 0.78 
—0. 01 +0.00 


i 


TaBLE 2.—Solar and sky radiation received on a horizontal surface. 


2 6.27 
10........| 2.26 1.09, 1.21) 1.35) 3.15 
104) 1.19 1. 2.16 
16. 1.14) 1.27] 1. 1,24 
19 1.28) 1. 0.79 
1.03) 1. 2. 36 
24 iii) 1:22) 1: 1.24 
1,09) 1.21) 1. 1.24 
28 1:06)" "1133 0.71 
30 0.92|...... 1,24 
31 1.07) 1.19 

Departures. ....).....- 09) +0. 00/+0. 00, 01) +0. 04 


= Average daily departure| Excess or deficiency 
Average daily radiation. for the week. since first of year. 
Week be- 
ginning 
Wash-| Madi- | Lin- | Wash-| Madi- | Lin- | Wash-| Madi- | Lin- 
ington.| son. co) ington.| son. coln. jington.| son. coln 
cal. cal. cal, cal, cal, cal. cal. cal, cal. 
Feb. 26... 205 233 362 —82 —5l +14 |—2,580 |—1,350 —187 
Mar. 5..... 229 297 371 —8il —12 —2 |—3, 144 |—1, 437 —208 
12.. 291 300 320 —46 —31 —80 |—3,463 |—1, 651 —764 
19.. 379 377 432 +23 +31 +15 |—3,303 |—1, 438 —661 
467 514 584 +93 | +150 | +158 |—2,649 | —389 +444 


WEATHER OF NORTH AMERICA AND ADJACENT OCEANS. 


NORTH ATLANTIC OCEAN. 
By F. A. Youne. 


The average pressure for the month was considerably 
below the normal at St. Johns, Newfoundland, while at 
land stations on the American coast, south of Nantucket, 
small positive departures were the rule, the same condi- 
tions holding true at stations on the south coasts of the 
British Isles. The pressure at Bermuda was consider- 
ably above the normal, while at the Azores it was below. 
The atmospheric conditions over the area between these 
two localities was rather abnormal during a portion of 
the month, when the steep gradient was responsible for 
turbulent weather, which in some cases was accompanied 
by comparatively high barometric readings. Lerwick, 
Shetlan Islands, was within the limits of an area of 
high pressure that remained over northwestern Europe 
from the 14th to 21st, and the high pressure at that 
station during this period, was responsible for an unusu- 
ally large positive departure from the normal for the 
month. 

The number of days on which fog was reported was 
apparently slightly below the normal over the Grand 
Banks, while it was somewhat above along the American 


coast, between Hatteras and Canada. Fog was observed 
on from 2 to 4 days in the Gulf of Mexico, the maximum 
occurring in the 5-degree square between latitudes 25° 
and 30° N. and longitudes 90° and 95° W. The middle 
section of the steamer lanes was, as usual, comparatively 
free from fog, and it was also rare in the vicinity of the 
British Isles, although somewhat above the normal in 
the region between the 15th meridian and the French 
coast. 

The unusually severe weather that has prevailed over 
the North Atlantic since September, continued in full 
force during March, although, taking the ocean as a 
whole, there was a decrease in the number of days with 
winds of gale force, as compared with February, although 
they were above the normal for March. The severest 
weather occurred in the region between the 40th and 45th 
parallels and 40th and 60th meridians, where gales were 
reported on from 7 to 10 days. Over that portion of the 
steamer lanes between the 20th and 40th meridians, the 
conditions were not far from normal, while the waters 
adjacent to the European coast were comparatively free 
from severe weather, due to the long period of anti 
cyclonic conditions referred to above. 

The month began with a disturbance off Hatteras, 
while at the same time the eastern part of the steamer 


7 

| 
e. | 5.0 | 4.0 | 3.0 | 2.0 a 2.0 | 3.0 | 4.0 5.0 | e 
mm. | cal. | cal. | cal. | cal. cal, | cal. | cal. | cal. | cal. | mm. 
| | 
1-968 1613) 0.03 0.84) 3.00 
16........| 1.19)......] 0.63] 0.99} 1.29!......] 1.24) 1.09] 0.93 0.79} 2.16 
Means..........|......| 0.79} 0.92} 1.08] 1.29]......] 1.30) 1.08 
1 
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lanes was covered by an area of low pressure. Charts 
VIII to XI cover the period from the 2d to 5th inclusive. 
Storm logs follow: 


American S. S. West Modus: 


Gale began on the Ist, wind SW., 7. Lowest barometer 29.64 inches 
at 6 p. m. on the Ist, wind, variable, in latitude 28° 40’ N., longitude 
65° 19” W. End on the 2d, wind N. Highest force of wind 9, NW.; 
shifts SW.-N W.-NNW. 


Norwegian S. S. Niels Nielsen: 


Gale began on the 2d, wind N. Lowest barometer 28.84 inches at 
4a.m.on the 2d, wind N. 20° E., in latitude 42° 24’ N., longitude 
55° 03’ W. End on the 3d, wind N., 24° W. Highest force of wind 
10; shifts E.-NNW. 


American S. S. City of Freeport: 
Gale began on the Ist, wind SE. Lowest barometer 28.44 inches at 
10 p. m. on the Ist, wind NE., 4, in latitude 54° 55’ N., longitude 12° 


W. End on the Ist, wind NW., 4. Highest force of wind 9, ENE.; 
shifts NE.-NW. 


Danish S. S. Frederik VIIT: 


Gale began on the 5th, wind S. Lowest barometer 28.84 inches at 
10 a, m. on the 5th, wind SW. 10, in latitude 51° 30’ N., longitude 
31° = W. End on the 6th, wind NW. Highest force of wind 10; shifts 
8.-SW. 


At Greenwich mean noon on the 6th moderate easterly 
winds prevailed along the American coast from Hatteras 
to New York that later in the day increased to gale force, 
as shown by the following storm log. 

American S. S. El Cid: 

Gale began on the 6th, wind E. Lowest barometer 29.04 inches at 
8 a.m. on the 6th, wind E, 8, in latitude 40° N., longitude 73° 45’ W. 


End on the 7th, wind NE. Highest force of wind 10, NE.; shifts not 
given. 


On the 7th the center of this disturbance was near 
Nantucket, the area between the 30th and 40th parallels, 
west of the 65th meridian, being swept by moderate to 
strong westerly to northerly gales. Storm logs: 

American 8. 5. El Estero: 


At 7 p.m. on the 6th in latitude 30° 25’ N., longitude 79° 38’ W., ba- 
rometer 29.82 inches, wind SW., 4, weather clear. At 10 p. m. wind 
had increased to moderate gale from SW. At midnight wind shifted 
to WNW. 8, squally with rain. 3.a.m. on the 7th ceased raining, wind 
backing W. 7, weather fine and partly cloudy. Lowest barometer 
29.64 inches at 5 a.m. March 7, wind W. 7; in latitude 32° 23’ N., 
jongitude 77° 287 W. 


British S. S. Araquaya: 


Gale began on the 7th, wind SW. 7. Lowest barometer 29.22 inches 
at 9a. m. on the 7th, wind SSW., 11, in latitude 36° 14 N., longitude 
68° 46° W. End on the 8th, wind WNW. Highest force of wind 11, 
SW.; shifts SSW.-WSW. 


British S. S. Chickahominy: 


Gale began on the 7th, wind S. Lowest barometer 28.35 inches at 
1:30 p. m. on the 7th, wind W., in latitude 42° 24’ N., longitude 66° 30/ 
W. End on the 8th, wind WNW. Highest force of wind 11; shifts 
S.-SW.-W.-WNW. 


On the 7th there was also an atmospheric depression in 
midocean, which was of comparatively slight intensity, 
as the following was the only storm report received from 
vessels in the vicinity. 

American S. S. Nobles: 

Gale began on the 6th, wind SSW. Lowest barometer 29.67 inches 


on the 7th, wind SSW., in latitude 43° 15’ N., longitude 30° 55’ W. 
End on the 7th, wind N. Highest force of wind 9; shifts SSW.-NNW. 


On the 8th the western disturbance was central off the 
west coast of Newfoundland and heavy weather prevailed 
over the greater part of the region between the 35th and 
50th parallels and 35th and 65th meridians. This Low 
evidently moved rapidly northeastward, as by the 9th 
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moderate weather was the rule over practically the entire 
ocean. Storm logs: 

British S. S. Bolivian: 

Gale began on the 7th, wind SW. Lowest barometer 29.00 inches at 
<> m. on the 7th, wind WSW. 10, in latitude 41° 40’ N., longitude 


25’ W. End on the 8th, wind W. Highest force of wind 10; shifts 
SW.-WSW.-W.-WNW.-W. 


British S. S. Rathlin Head: 


Gale began on the 7th, wind S. Lowest barometer 29.24 inches at 
11 p. m. on the 7th, wind SW. 9, in latitude 42° N., longitude 57° 01’ 
W. End on the 8th, wind WNW. Highest force of wind 10, W.; 
shifts SW.-W.-WNW. . 


American S. S. Texan: 


Gale began on the 8th, wind S._ Lowest barometer 29.75 inches 
at 8 p. m. on the 8th, wind S., 8, in latitude 44° 28’ N., longitude 
38° 547 W. End on the 8th, wind WNW. Highest force of wind 9, §. ; 
shifts S-WNW. 


On the 10th there was a moderate disturbance in mid- 
ocean that moved rapidly eastward, and on the 12th 
was central off the coast of Ireland. On the 12th 
moderate to strong gales were reported from the region 
between the 40th and 45th parallels and the 35th and 
55th meridians. Storm logs: 

Dutch S. S. Amsterdam: 


Gale began on the 10th, wind SW. Lowest barometer 29.60 inches 
at 3 a. m. on the 10th, wind variable, in latitude 45° 53’ N., longi- 
tude 31° W. End on the 12th, wind WNW. Highest force of wind 9; 
shifts SW.-_WNW. 


British S. S. Harperly: 


Gale began on the llth, wind W. Lowest barometer 29.83 inches 
at 9 a. m. on the llth, wind W., 9; in latitude 42° 46’ N., longitude 
34° 48’ W. End on the 17th, wind W. Highest force of wind 12; 
shifts W.-_NW.-W. 


Danish S. 8S. United States: 


Gale began on the 11th, wind W. Lowest barometer 29.68 inches 
at noon on the llth, wind W., 10; in latitude 41° 10’ N., longitude 51° 
40’ W. End on the 12th, wind NW. Highest force of wind 10, W.; 
shifts W.-WNW. 


British S. S. Winifredian: 


Gale began on the 11th, wind SW. Lowest barometer 29.34 inches 
at 6 p. m. on the 11th, wind WSW., in latitude 49° 10’ N., longitude 
24° W. End on the 12th, wind NW. Highest force of wind 10; shifts 
WSW.-W.-WNW. 


From the 13th to the 15th a number of vessels in 
widely scattered locations reported winds of gale force. 
Storm logs: 

American S. 8. Carlton: 

Gale began on the 13th, wind SW. Lowest barometer 30.20 inches 
at 4 a. m. on the 13th, wind SW., 8, in latitude 38° 08’ N., longitude 
56° 15’ W. End on the 2Ist, wind NE. Highest force of wind 10; 
shifts SW.-_NW.-N.-NE. 


British S. S. Carmania: 


Gale began on the 13th, wind SW. Lowest barometer 29.55 inches 
at midnight on the 14th, wind SW., in latitude 44° 10’ N., longitude 
41° 1” W. End on the 15th, wind W. Highest force of wind 8; 
shifts SW.-W. 


On the 16th there was a Low central near latitude 
47°, longitude 27°, and at the same time an area of high 
ressure with its crest near Sable Island, Nova Scotia. 
ile at the time of the Greenwich mean noon observa- 
tion, moderate winds were reported in the vicinity of 
the Low, the region between the 34th and 45th parallels 
and the 40th and 50th meridians was swept by strong 
northerly gales accompanied by rain and snow, with 
barometric readings from 29.85 to 30.30 inches. On the 
15th and 16th strong “‘northers”’ prevailed in the western 
part of the Gulf of Mexico. On the 17th the conditions 
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were similar to those of the previous day, except that 
the storm area had somewhat, as gales with 
continued high barometric readings were reported by 
numerous vessels between the 30th and 70th meridians. 
The HIGH was now central near latitude 40°, longitude 
50°, with an area of moderate winds extending about 5 
degrees in each direction from the center. By the 17th 
the “‘norther” in the Gulf of Mexico had subsided and 
moderate weather prevailed in these waters. Storm logs: 

American S. 8S. Independence Hall: 

Gale began on the 16th, wind SW. Lowest barometer 30.10 inches 
at 2a. m. on the 16th, wind N., 7, in latitude 37° 30’ N., longitude 44° 


W. End on the 16th, wind NNW. Highest force of wind 10; shifts 
N.-NNW. 


Dutch S. S. Moerdijk: 


Gale began on the 15th, wind WNW. Lowest barometer 29.97 
inches at midnight on the 15th, wind WNW., 7, in latitude 34° 50’ N.., 
longitude 38° 46’ W. End on the 17th, wind N. Highest force of 
wind 9, NNW.; shifts NNW.-N. 


American S. S. Alabama: 

At 8 a. m. on the 16th, in latitude 22° 30’ N., longitude 94° 05’ W., 
barometer 30.03 inches, wind SW., 3. 

8.30 a. m. wind shifted to NW., came out with heavy rain squalls, 
barometer 30.02 inches, wind force, 8. 

10 a. m. whole gale, force 10, barometer 30.02 inches. 

10 p. m. wind and sea moderating, sky overcast. 


Japanese S.S. Texas Maru: 


Gale began on the 16th, wind 8. Lowest barometer 30.05 inches 
at 10 a. m. on the 17th, wind SW., 9, in latitude 37° 11’ N., longitude 
68° 40’ W. End on the 17th, wind N. Highest force of wind 9; 
shifts S-SW. 


British S. S. Celtie: 


Gale began on the 14th, wind SSE. Lowest barometer 29.49 inches 
at 4a. m. on the 15th, wind WSW., 8, in latitude 44° 41’ N., longitude 
39° 55’ W. End on the 16th, wind NW. Highest force of wind 8, 
NW.; shifts S-WNW.-NW. 


Dutch S.S. Mijdrecht: 


Gale began on the 16th, wind W. Lowest barometer 29.80 inches 
at 3 a. m. on the 17th, wind NW., 8, in latitude 33° 30’ N., longitude 
+ gl End on the 18th, wind N. Highest force of wind 10; steady 


On the 18th, moderate gales were reported by a few 
vessels in the region between the Azores and Bermudas, 
while the remainder of the ocean was practically free 
from heavy winds. On the 19th moderate weather was 
the rule over the entire ocean except that a second 
‘“‘norther”’ appeared in the Gulf of Mexico, as shown by 
the following storm log. 

American S. S. Oswego: 

Gale began on the 18th, wind N. Lowest barometer 29.91 inches 
at 4 p. m. on the 18th, wind NNW., 4, in latitude 25° 45’ N., longi- 
tude 96° W. End on the 19th, wind NNE. Highest force of wind 
9, N.; shifts NNW -N. 

On the 20th another disturbance appeared in the 
vicinity of Newfoundland and westerly gales again swept 
over the region north of the 35th parallel, west of the 
50th meridian. This Low moved rapidly eastward and 
on the 21st was near latitude 52° N., longitude 35° W. 
On that date the storm area extended between the 40th 
and 52d parallels and the 30th and 45th meridians. It 
apparently remained nearly stationary, contracting in 
area from day to day, and by the 24th had practically 
disappeared. Storm logs: 

American S. S. Antinous: 

Gale began on the 19th, wind SW. Lowest barometer 29.90 inches 
at 11 a. m. on the 19th, wind SW., 7, in latitude 34° 31’ N., longitude 


74° 02’ W. End on the 20th, wind N. Highest force of wind 9, NW.; 
shifts SW.-NW. 
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British S. S. Lapland: 


Gale began on the 20th, wind SW. Lowest barometer 29.32 inches 
at 1 p. m. on the 20th, wind SW., in latitude 41° 19’ N., longitude 53° 
28’ W. End on the 21st, wind NW. Highest force of wind, 9 SW. 
to W.; shifts SW.—W. after heavy rain squalls. 


American S. S. President Fillmore: 


Gale began on the 21st, wind SW. Lowest barometer 29.12 inches 
at 4a. m. on the 21st, wind SW., in latitude 44° N., longitude 40° W. 
End on the 22d, wind NW. Highest force of wind 9; shifts SW.-NW. 


On the 25th there was still another disturbance central 
near St. Johns, Newfoundland, with a limited storm area 
between the 40th and 45th parallels and the 43d and 
56th meridians. This Low traveled slowly eastward, 
spreading out as it moved, and on the 26th, 27th, and 28th 
gales were prevalent over the middle and eastern sections 
of the ocean. Storm logs: 

American S. S. West Inskip: 

Gale began on the 24th, wind SW. Lowest barometer 29.46 inches 
at 4 p. m. on the 25th, wind SW. 8, in latitude 40° 56’ N., longitude 


56° 33 W. End on the 25th, wind NW. Highest force of wind 10; 
shifts SW.-NW. 


British S. S. Norfolk Range: 


Gale began on the 26th, wind NNW., 7. Lowest barometer 29.74 
inches at 3.a. m. on the 27th, wind SSW., 8, in latitude 43°13’ N .., longi- 
tude 44° 42’ W. End on the 27th, wind NW., 6. Highest force of 
wind 9; shifts SSW.-SW. 


British S. S. Verbania: 


Gale began on the 26th, wind WSW. Lowest barometer 29.03 inches 
at 4 a.m. on the 26th, wind W., in latitude 47° 24’ N., longitude 29° 1’ 
W. End on the 28th, wind W. Highest force of wind 12, SW.; shifts 
WSW.-NW. 


Danish S. S. ‘Frederik VITT: 
Gale began on the 26th. wind SE. Lowest barometer 28.64 inches 
at 3a.m. on the 27th, wind WSW.., 10, in latitude 53° 28’ N, longitude 


27° 39% W. End on the 28th, wind W. Highest force of wind 10; 
shifts SSW.-SW. 


British S. S. Sazoleine: 


Gale began on the 26th, wind SW. Lowest barometer 28.74 inches 
at noon on the 27th, wind SW.,9, in latitude 56° 28’ N., longitude 
25° 12’ W. End on the 29th, wind WNW. Highest force of wind 9, 
SW.; shifts SSE-SW.-WNW. 


On the 27th, the NE. trades were strongly developed 
south of Jamaica, as shown by following storm log. 

American 8. S. American: 

Gale began on the 26th, wind NE., 7. Lowest barometer 29.83 
inches at 7 a. m. on the 27th, wind NE., 7, in latitude 13° 10’ N., lon- 


gitude 77° 59’ W. End on the 27th, wind NE. Highest force of 
wind 7, NE.; steady NE. 


From the 29th until the end of the month heavy 
weather was prevalent over the greater part of the ocean, 
and on the boas date gales accompanied by hail and 
snow occurred north of the 36th parallel, between the 
40th and 70th meridians. On the 30th and 31st storm 
reports were received from vessels in widely scattered 
localities. Storm logs: 

British S. S. Canadian Leader: 

Gale began on the 28th, wind W. Lowest barometer 29.41 inches 
at 4:30 p. m. on the 28th, wind W., in latitude 42° 50’ N., longitude 


63° W. End on the 29th, wind W. Highest force of wind 10, W.; 
steady W. 


British S. S. Maine: 


Gale began on the 28th wind S. Lowest barometer 29.58 inches at 
8:30 a. m. on the 28th, wind W., in latitude 41° 10 N., longitude 57° 
12’ W. End on the 30th, wind NW. Highest force of wind 11; shifts 
WSW.-WNW. 
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British S. S. Rapidan: 


Gale began on the 29th, wind NW. Lowest barometer 29.65 inches 
at noon on the 29th, wind WNW., 4, in latitude 40° 56’ N., longitude 
47° 077 W. End on the 30th, wind WNW. Highest force of wind 9; 
steady WNW. 


Danish S. S. Frederik VIII: 


Gale began on the 29th, wind S. Lowest barometer 29.43 inches at 
8 p. m. on the 29th, wind SSE., in latitude 46° N., longitude 38° 21’ 

“ ys the 30th, wind W. Highest force of wind 11; shifts 
SSE.- ‘ 


Italian S. S. Georgia: 


Gale began on the 30th, wind SSE. Lowest barometer 29.38 inches 
at 6.27 a. m. on the 31st, wind SSW.. in latitude 36° 56’ N., longitude 
65° 03 W. End on the 31st, wind NNE. Highest force of wind 10; 
shifts SSW.-W.-NW.-N. 


American S. S. City of Freeport: 


Gale began on the 3lst, wind SW. Lowest barometer 29.91 inches 
at 1 a. m. on April 1, wind SW., 8, in latitude 42° 10’ N., longitude 
43° 12’ W. End on April 1, wind W. Highest force of wind 8, SW., 
shifts SW.-W. 


NORTH PACIFIC OCEAN. 
By Witus E. Hurp. 


A considerable amount of cloudy, stormy weather oc- 
curred over the North Pacific during March; and among 
the important disturbances of the month was the typhoon 
which passed near Guam during the last decade. Over 
the northern and middle routes the seas were frequently 
heavy to very rough, and several vessels reported delayed 
progress in the face of mountainous waves. Wind veloci- 
ties, however, were not unusually high, and few gales of 
greater force than 10 were reported. 

At Honolulu the weather was unusually windy, with 
prevailing wind from the east. The average hourly 
velocity was 9.7 miles. The highest velocity, neverthe- 
less, was only 40 miles, this occurring with an east wind 
on the 8th, but there were 7 days with velocities in excess 
of 24 miles. Cloudy skies prevailed and the total pre- 
cipitation, 6.36 inches, was 3.16 inches above the normal. 

It is interesting to note the precipitation conditions 
along the American coast from San Diego to Juneau. 
At the California coast stations the rainfall was much 
below the normal for the month, and at San Diego the 

we of sunshine was the highest ever recorded in 
March. To the northward of San Francisco precipitation 
increased, until at North Head it was alighily more than 
half the normal amount; while at Juneau it was more 
than double the normal. The total snowfall at Juneau 
was 39.7 inches, which is the greatest amount of the past 
20 years in March, and more than three times the normal. 
the storms that entered the ocean from the Asiatic 
continent, most of them seem to have sprung from Mon- 
golia and Siberia. The winter high pressure area overlay 
eastern China and the adjacent seas during the greater 
part of the month, and so far as known the only cyclones 
or depressions of consequence to this region were the two 
which occurred on the 7th-8th, and on the 10th. Both 
of these moved northeastward over Japan. 

Of the more northern cyclones proceeding from the 
continent, that of the 2d and 3d gave fresh to whole gales 
over the sea to the eastward of Japan, and was per _ 
the most intense. The British S. $. Bessie Dollar, while 
in and near latitude 34° N., longitude 144° 29’ E., on the 
3d, encountered southwesterly to northwesterly gales, 
force 10, lowest pressure 29.70 inches. On the same day 
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the American S. S. West Prospect, while in latitude 34° 
39’ N., longitude 146° 18’ E., experienced westerly to 
northwesterly gales, force 9, lowest pressure 29.65 inches. 
Several vessels also reported gales from the same locality 
on the 11th to 14th, accompanied by rain, hail, and tre- 
mendous seas, though with only moderately low pressures. 

On the 16th to 20th several steamships encountered 
stormy weather between about latitudes 33° and 50° N., 
longitudes 160° and 177° E. Among them the American 
schooner Bakersfield, while westward bound in latitude 
49° 36’ N., longitude 168° 15’ E., on the 18th, was beset 
by extraordinarily high seas, raised by a steady north- 
east gale, highest force 11; the lowest pressure was 
29.84 inches. On the same date the Japanese S. S. 
Iyo Maru experienced a steady north-northwest gale, 
force 10, in latitude 44° 43’ N., longitude 163° 24’ E., 
and the American S. S. West Kader a steady northeast 

ale, highest force 10, lowest pressure 29.62 inches, in 
atitude 50° 12’ N., longitude 176° 15’ E. These gales 
were associated with a storm center in the Aleutian area. 

On the 21st a rapidly moving disturbance was central 
near latitude 45° N., longitude 153° E. The Bakersfield, 
in the vicinity, reported a northeast gale, force 10, 
lowest pressure 29.48 inches. 

On the 31st the lowest pressures of the month oc- 
curred, apparently owing to an intensification of a Low 
over the western Aleutian area. The condition con- 
tinued through the following day and into the 2d of 
April. The lowest observed pressure on the 31st was 
28.66 inches, noted in latitude 45° 15’ N., longitude 173° 
15’ E., by the American 8. S. Dewey; but on April 1 the 
region was swept by storm and hurricane winds, and 
the low reading of 28.24 inches was observed. 

One of the most important storms of the month was 
the typhoon that passed near Guam on the 25th and 26th. 
This seems to have appeared as a depression over the 
central portion of the Caroline Archipelago on the 21st 
or 22d. It moved eastward, slowly developing, and 
at 8 p. m. of the 25th (Eastern time) the center was 
south of Guam, as evidenced by the observation at that 
point: Wind east, force 9, pressure 29.08 inches. Twenty 
four hours later the wind at Guam was south, force 6, 
pressure 29.18 inches; and at 8 p. m. of the 27th, though 
the wind was light from the south, the pressure was still 
as low as 29.48 inches. The typhoon did considerable 
damage on the island. From the Marianas it for ie 
suebe west-northwestward, recurving shortly afterward 
toward the north and passing to the eastward of the 
Bonin Islands. On the 29th the U.S. Transport Meigs 
received a radio report of a typhoon in the vicinity of 
Guam, and while in latitude 32° 47’ N., longitude 140° 
23’ E., experienced falling pressure, wind shifting from 
southeast into east and northeast, and an increasing 
ocean swell. At 4 p. m. of the 30th, while near latitude 
33° N., longitude 144° E., the Meigs experienced lowest 
pressure 29.53 inches, with a fresh northerly breeze and 
a northeast swell. It is not known whether the typhoon 
died out at this time or entered the area of disturbance 
then increasing in energy over the western Aleutians. 

Over the eastern waters of the Pacific only one storm 
of consequence developed in lower latitudes. That 
seems to have formed near the Hawaiian Islands on the 
26th. Honolulu on that date recorded the lowest pres- 
sure of the month, 29.76 inches, though without accom- 
panying gale winds. On the 27th, however, this station 
recorded a maximum wind velocity of 35 miles from the 
northeast, and several vessels to the eastward were 
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experiencing increasing winds and falling pressure. On 
the 28th the storm was moving northward with increased 
energy, and at noon the American S.S. West Ivan, while 
in latitude 37° 11’ N., longitude 143° 23’ W., observed 
the lowest pressure reported, 28.97 inches, the wind 
shortly thereafter increasing to force 10, from the west. 
During the 28th this cyclone seems to have decreased in 
energy with northward movement, although westerl 

winds, force 9, occurred near latitude 37° N., between longi- 
tudes 141° and 145° W., during the morning hours. On 
the two following days what remained of the storm lay 
off the coasts of Washington and British Columbia, and 
from it an offshoot depression entered the continent. 

Off the coasts of Mexico and Central America generally 
fine weather prevailed. At least one depression formed 
in this region, however, and that on the afternoon of 
the 19th and the morning of the 20th. The American 
tanker A. C. Bedford, while in latitude 14° 35’ N., longi- 
tude 95° 50’ W., on the 19th, experienced a north- 
easterly gale, highest force 9. Early on the 20th the 
American S. S. American, southward bound, experienced 
a similar gale in 14° 30’ N., 96° 28’ W., lowest pressure 
29.86 inches. At 9 a. m. of this date the American 
sighted a “large waterspout without visible movement” 
in 15° 36’ N., 98° 20’ W. 

Over the northern area, that is, within the region 
embraced by the Gulf of Alaska and the Aleutians, con- 
siderable storm activity occurred during the month. 
The Aleutian Low showed somewhat the customary 
double-center formation with more or less shifting along 
the parallels, but the westernmost center was the stronger 
and more persistent. Individual offshoots from the 
Low in the Alaskan region entered the Canadian North- 
west on the 3d, 6th, 10th, 15th, 18th, 21st, 23d, and 27th 
of the month. 

The North Pacific niGH was well-developed during 
most of March, and was seriously disturbed only by the 
storm which began in the Hawaiian region on the 26th. 

Pressure was below normal by small amounts over the 
eastern part of the ocean, as shown by observations at the 
island stations, the greatest deficiency being in the 
region of the Hawaiian Islands. The average pressure 
at Dutch Harbor, based on p. m. reports, was 29.73 
inches, 0.04 inch below normal. The highest pressure, 
30.34 inches, occurred on the 11th; the lowest, 28.74, on 
the 8th. Absolute range 1.60 inches. At Honolulu the 
average p. m. pressure was 29.97 inches, or 0.07 inch below 
normal. The highest pressure, 30.15 inches, occurred on 
the 9th; the lowest, 29.76, on the 26th. At Midwa 
Island the average p- m. pressure was 30.09, or 0.01 inc 
below normal. The highest pressure, 30.36 inches, 
haa on the 11th; the lowest, 29.78, on the 29th and 
30th. 

On the 26th and 27th two vessels, the American S. S. 
West Keats and the Japanese S.S. Boston Maru, reported 
ice floes between latitudes 43° and 44° N., longitudes 145° 
47’ and 148° 42’ E. The fields were often several miles 
apart, and the ice 3 to 5 feet in thickness. 

More fog occurred in March than during any of the 
preceding three months, and it was more generally 
widespread along the northern and middle latitudes. 
There was scarcely a day in which it was not reported 
from some portion of the North Pacific area. In the 
South Pacific fog was noted on the 23d and 24th from 
the 7th parallel southward for some distance along the 
coast of Peru. 
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SOUTH PACIFIC CYCLONE OF FEBRUARY=-MARCH, 1923, 
By Hurp. 


The American S. 5. Vinita, Captain Holsen, observer 
Chas. H. McKean, while on a voyage from Honolulu 
toward Auckland, New Zealand, encountered rough 
weather during the last of February and the Ist of March 
(Greenwich dates) while near latitude 30° S., and the 
180th meridian. On February 27 the vessel received 
radio warning from Wellington, New Zealand, of a 
storm central north of Cape Maria and an ocean forecast 
of east to northeast gales. On the morning of the 28th, 
while the Vinita was in latitude 28° 59’ S., longitude 179° 
30’ E. the weather became squally and pressure began 
falling rapidly. By 2 p. m. the seas were mountainous, 
with wind from the north, force 8-9, pressure 29.25 
inches. At8 p.m. the sky partly cleared and the weather 
moderated, with the glass at its lowest, 29.12 inches, in 
D. R. latitude 30° 20’ S., longitude 178° 05’ E. At 
11.15 p. m. the vessel hove to in a southerly wind, buffeted 
about by cross changing to southerly seas. Shortly 
after midnight the wind went into the southeast, force 
9, and remained in this quarter during the forenoon of 
March 1, gradually moderating, with rising pressure, 
so that the vessel was able to resume her course by 9 a. m. 


NOTES ON WEATHER IN OTHER PARTS OF THE WORLD. 


Newfoundland.—Sr. Jouns, March 15.—The sealing 
fleet, which sailed from this port for the Grand Banks a 
week ago is jammed in an immense ice field off the coast 
of Newfoundland.— New York Tribune, March 16, 1923. 

St. Jonns, March 31.—Service on the Newfoundland 
Railway suspended because of the blizzard [Mar. 29] has 
not been resumed as yet. Off the coast the storm is still 
raging. Many vessels remain frozen in the ice fields, 
and the sealing fleet reported by radio to-day that it was 
unable to move owing to the ice pack.— New York Tri- 
bune, March 31, 1928. 

British Isles.—Unusually high day temperatures were 
registered about the 27th. At Kew Observatory, Rich- 
mond, a maximum of 68° F. occurred on that date. 
Such a temperature has only once before been recorded 
there in March during the past 50 years. * * * 

The rainfall of the month was above the average in 
parts of the south of the British Isles but less than half 
the average fall in the northern half of Scotland.! 

France.—Early in the month stormy weather with 
much rain and violent thunderstorms occurred in France, 
and heavy floods were reported on the Seine, parts of 
Paris being flooded, and on many other rivers from the 
ist to about the 8th. There was some loss of life.' 

Asia Minor.—On the 23d, the Tigris was reported as 
rising to an unprecedented height in consequence of 
heavy rains and the melting of snow in Kurdistan; a 
day or two later it burst its banks, flooding 300 square 
miles of desert and isolating Baghdad.! 

Africa.—Heavy rains in Nyasaland in the middle of 
March did great damage to the tobacco crop, and caused 
destructive floods on the Zambesi on the 19th and 20th, 
which interrupted railway communications. On the 26th 
the floods were subsiding.' 


1 Meteorological Magazine, April 1923, pp. 68-69. 
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Australia.—In Queensland * * * the month was 
one of drought.' 

Guam.—AGana, March 30.—A typhoon of moderate 
intensity struck the island of Guam last Saturday, raged 
four days and receded without causing loss of life, ut 
leavin pg damage estimated at $200,000.— New 
York World, March 31, 1923. 

Argentina.—In Buenos Aires the unusually high March 
temperature of 94° F. recorded on the 12th, was fol- 
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lowed by a fall of 36° F. in 12 hours. Pressure rose 5 
mb. almost instantly. 

Brazil. * * * In the north the rainfall averaged 
53 mm. below normal. In the center the disti.bution 
was irregular; in the south the fall averaged 100 mm. 
above normal, the excess being greatest in the extreme 
south. * * * There is still an absence of intense 
anticyclones and the general circulation presents no 
unusual features.' 


DETAILS OF THE WEATHER IN THE UNITED STATES. 


GENERAL CONDITIONS. 


ALFRED J. HENRY. 


The single outstanding feature of the month was the 
steady march of anticyclonic areas from the Pacific, 
some of which entered the continent north of the mouth 
of the Columbia and others as far south as the middle 
California coast. 

As a direct result of this movement, drought prevailed 
in the Pacific Coast States, also in the Plateau region, 
the northern Rocky Mountains, and the upper portions 
of the Missouri and Mississippi Valleys; the most striking 
result, however, was the unseasonable temperatures 
recorded in en | parts of the country due to the trans- 
portation of cold air from higher latitudes. Details 
appear in subsequent pages. 


CYCLONES AND ANTICYCLONES. 
By W. P. Day. 


March, in contrast to the preceding month, showed 
greatly increased barometric activity, a rapid succession 
of cyclones and anticyclones passing within the range of 
observation. Twenty low-pressure areas were noted and 
tracked, nine of which were of the Alberta type (Alaskan 
or North Pacific cyclones coming into the field of observa- 
tion from Menai but the more important storms began 
as secondary developments over the south or southwest 
and several attained major intensity. 

Thirteen high-pressure areas—anticyclones—were ob- 
served and these incursions of denser air were quite im- 
portant as cold waves in several instances. e cold- 
wave types are usually masses of cold air loosed from the 
cold polar cap which advance southward over Canada 
when pressure conditions in the United States are favor- 
able. Anticyclones moving in from the Pacific do not 
bring marked changes to colder. 


FREE-AIR SUMMARY. 
By L. T. Samue Meteorologist. 


The general characteristics of the average free-air con- 
ditions for the month as a whole showed remarkably close 
agreement with those for February, 1923, with respect to 
aren from normal. Thus it will be observed in 
Table 1 that the temperature departures were all negative 
except in the upper levels at Groesbeck, a condition 
identical with that found last month. The persistence of 
large departures with increase in altitude was likewise 
most pronounced at the northern stations. 

‘The vapor pressure departures conformed regularly 
with those for temperature and the relative humidity 
averaged in general somewhat less than the normal in the 


lower levels and above in the upper levels, although prac- 
tically all the departures were oa than 10 per cent. 

At each of the six kite stations minimum March tem- 
erature records were exceeded at various upper levels. 
hese low temperatures were observed as a rule during 

the prevalence of severe cold wave conditions, a number 
of which occurred during the month. 

In Table 2 are shown the resultant wind velocities and 
directions for the month and their normal values. A 
striking feature observed in the table is the high resultant 
velocities for the month at all stations except Broken 
Arrow and Groesbeck. The usual connection found be- 
tween the resultant wind direction and the temperature 
departures is especially well illustrated. At Drexel and 
Ellendale where negative temperature departures were 
greatest the north component is found to exceed the 
normal by an appreciable amount. At Royal Center, 
Broken Arrow, and Due West the south component is 
decidedly less than normal while at Groesbeck, where 
negative temperature departures occurred in the lower 
levels and positive departures in the upper levels, the 
south component was less than normal in the former but 
exceeded it in the latter. 

High winds were frequent during the month, there 
being more than twice as many observed velocities of 40 
meters per second or more as occurred during March, 
1922. These were observed by means of pilot balloons 
and are given in the following table: 


Veloc- | Direc- | Alti- 
Station. Date. ity. | tion. | tude. 
mM. p. m. 

7 43 | w. 5, 000 

10 41 | sw 1, 400 
7 50 | w 3, 500 
60 | wsw. 2, 000 

\ 


In order to verify the high velocities recorded at Ellen- 
dale on the 27th and at Groesbeck on the 13th, a second 
observation was made immediately after the first at both 
of these stations and the results found were substantially 
the same, thereby adding to the confidence which may 
generally be placed in single theodolite observations 
even in high winds. 

The observation at Camp Alfred Vail on the 16th is 
cited because of the abnormally rapid increase in the 
wind speed at a comparatively short distance above the 
surface. The recorded velocities indicated a surface 
wind of but 9 meters per second overrun by a gale of 47 
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meters per second just 500 meters above. A strong 
substantiation of this rather unusual condition was 
found in the observations at several near-by stations 
although the extreme velocity and the rate of increase 
with altitude were somewhat less than at Camp Vail. A 
similar occurrence was found at Kelly Field, Tex., on 
the 11th when the velocity increased from 13 meters 

er second at the ground to 40 at 600 meters above. 

ressure conditions in the two cases were quite similar. 
Camp Vail was at the time in the southeast quadrant of 
a strong barometric depression which subsequently 
moved very rapidly northeastward; Kelly Field was in 
the southwestern quadrant of a Low which later moved 
rapidly northeastward and increased greatly in intensity. 

The hurricane velocity of 60 meters per second (133 
m. p. h.) observed at Camp Lewis, Wash., on the 19th 
at 2,000 meters elevation was an accompaniment of a 
disturbance of wide extent moving in over the Canadian 
Northwest following the intense cold wave over the 
country at this time. 

Winds of 40 meters per second or more reported on the 
7th over Oklahoma, Georgia, and North Carolina at ele- 
vations above 4,000 meters appear significant in view of 
the rapid east-northeastward movement of the severe 
cyclonic depression central on that morning south of the 
southern New England coast. In this same connection 
the great velocities recorded at Groesbeck on the 24th 
may be mentioned and seem very likely to be directly 
associated with the unexpectedly rapid movement of 
the pressure areas over the western and central sections 
of the country at and immediately following this time. 

Both a. m. and p. m. pilot balloon observations at 
Groesbeck on the 8th showed a backing of the wind with 
increase in altitude as follows: South at surface, east 
at 2,000 meters, north at 2,500 meters, and west above 
3,000 meters. This turning is more characteristic of 
the summer season than of spring since the percentage 
of counterclockwise turning with altitude for south sur- 
face winds at this station is normally less than 5 per cent 
for spring whereas for summer it is 25 per cent. 

A diurnal series consisting of 9 kite flights was obtained 
at Groesbeck, extending from 7:25 a. m. of the 17th to 
9:50 a. m. of the 18th, during which time a severe cold 
wave arrived over this region. The average maximum 
altitude reached for the series was 3,165 meters, the 
highest flight being 3,939 meters at 8:58 a.m. on the 17th 
and the lowest 2,707 meters at 4:54 a. m. on the 18th. 
The wind at the surface remained southerly during the 
first 7 flights of the series, veering with increase in alti- 
tude to WSW. above 2,000 meters elevation. The first 
evidence of a northerly component appeared at the surface 
at 4:15 a. m. of the 18th. This had reached the 1,000 
meter level by 6 a. m. but had not extended above 1,300 
meters by 9:21 a. m. when the series was ended. The 
pilot-balloon observation taken at 2 p. m. indicated sur- 
face north-northwesterly winds backing to WNW. at 
1,500 meters, when the balloon was lost in stratus clouds. 
The presence of 10/10 stratus clouds at this time and the 
fact that they were moving from the WSW. seems to 
indicate that the wedge of northerly air did not extend 
above 1,500 meters altitude at this place. This fact is 
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further borne out by the 7 p. m. cloud observation at 
Palestine, Tex., which was 10/10 strato-cumulus from the 
south, there being no 7 p. m. observation available from 
Groesbeck. The temperature distribution shows an 
abundance of interesting characteristics, one of the more 
striking of which was the gradual elevation of an inversion 
layer extending first from 1,000 meters to 1,400 meters 
until it was found during the last flight to lie between 
1,800 meters and 2,200 meters. Its average lapse rate 
was roughly —2° per 100 meters. During the eighth 
flight a second inversion made its appearance, extendin 
from the surface to 700 meters above, and the ninth an 
last flight showed this to have risen so that it reached 
from 700 to 1,200 meters with an average lapse rate of 
— 2° per 100 meters. 


TABLE 1.—Free-air temperatures, relative humidities and vapor pressures 
during March, 1923. 


TEMPERATURE (°C.). 


Broken | Royal 
Atrow, | Drexel, | Dug West, | | | Gross. Canter 
58; . Dak. nd. 
au. | (3m) (396 m.) (217 m.) (444 m.) (141 m.) (225 m.) 
tude. 
| | 
m.s.1. De- De- De- | De- De- De- 
Mean.) from Mean: from trom Mean-| from Mean-) trom |Mean- trom 
5-year ‘S-year 3-year 6-year 5-year 5-year 
mean. mean mean. | mean. mean mean. 
_| 
Surface..| 88 —1 A =1.8) _1.9) —3.7| 11.9] —1.8| 6:8) —4.2 
250.......| —1.9)...... 12. 5| —1.8)...... | 11.2 -1.9} 0.6) —4.2 
500......| 6.6) —2.1| —2.2) 11.0) —1.1) —7.0, —3.9) 10.0, —1.8) —1.4) —4.3 
4.9| —2.5| —2.8 —4.7} 9.6) -1.0 —8.0 —4.5) 9.2) —1.6) —2.5| —4.4 
1,000... 4.0; —2.6| —3.1| —4.6| —1.0, —8.7) —5.2) —1.0) —3.1) —4.3 
1,250... 3.4) —2.6 —2.9 —4.4) 7.2) —1.1) -9.2, 8.2) —1.1] —4.0! —4.6 
1,500... 2.6) —2.7| —3.2) —4.4) 5.9) —1.2) —9.4) -5.2) 7.7 =1.0| —4.7| —4.6 
2,000... . 1.0} —2.6| —4.7) —4.1] 3.7) —1.0)—10.0 6.8 —0.6] —5.9 —4.3 
2,500... —2.6) +7.0 —3.9) 1.9) —0.9—12.4) —4.6, 5.8) +0.5| —8.0| —4.2 
3,000... . —3.8) —2.5, —9.1 0.0, -0.9 —4.6, 4.4) +1.4)-10.4) —4.3 
3,500... ... —6.0) —2.3\-11.8 —3.4, —2.1) —0.8'-17.2, —4.5) 1.8, +1.7/—10.0) —1.8 
4,000. .... —8.0) —1.5|—14.1| —3.1) —4.5, —1.6|—20. 2) —4.9) —1.1] 
4,500..... 10.8, —0.9 —17.3, -2.7, —1.6\-23.8) —5.1) —4.4) 
RELATIVE HUMIDITY (%). 
Surface 50) 14 +6 63 76 66) 68 
250... | 63 66, 68) —2 
59} —5 72 +5 61) 75 +1) 64) —2 65) 
750... —5| 68 +3 58 —5 +3) 64 0, 60; —5 
1,000..... 56] —5| 62; +1/ 67) +5} 60) —1) 561 —6 
1,250..... 51| +3) 57) —8 65) +7) 59 +2) 52) 
1,500..... 47) -6 56 +5 57 —8 63 +7) 58 +6 47, —10 
2,000... 40 —5| 59 +10 50 —9| 58} +4) 49) +8 40, —14 
2,500..... 39} —4 63 +14 46 —4) 57) +3) 38) —15 
3,000... . 465 +5 60 +10 43 00 55) +2! 42) 410 42! —12 
3,500. .... 54] +11) 59) +10, 39 +2) 52] 43] 
4,000..... 50} +10, 55 +7 38 +2 46 
4,500..... 49° +10 53 36 +2) 50) 44) 
| { | 
VAPOR PRESSURE (mb.). 
| | | 
Surface..| 6.79 —2. 11 3.96|—1.39 44 2.91|—-1.02 10. 16|—1.64 
500...... 5.82 —1.99 3,711.34) 8.59.—1.30 2.81—1.00, 8.91\—1.13 84 
5.11 —1.89, 3.29.1. 23) 2.43 —0.88 8.51|—0.64 3. 11)—1.81 
1,000... 4.63,—1.77) 2.91/—1.14) 7.06,—1.39| 2.13 —0.90| 7.94|-0.28, 2. 71)—1.71 
1,250..... 4.10—1.70 2.74-0.90| 6.43\-1.45 1.96 —0.87) 7.40/+0.12  2.37/—1.65 
1,500... ... 3,581.55 2.57|-0.72) 5.70 1.88,—0.77, 7.02|+0.67, 2. 07|—1. 64 
2,000... . 2.68 —1.26 2.29/—0.49) 4.10—1.35 1.63 —0.64 5.46/+1.06) 1.69|—1.44 
2,500..... 2. 22|-1.02 2.05)—0.32| 3. 1.28 0.62, 4.64)+1.37) 1. 50|—1. 20 
3,000... .. 2.11 —0.54 1.67/—0.34] 4.28/+1.70 1.28)\—-1.14 
3,500... 2.00—0.40 1.34.—0.31) 1.43\—0.43 0.68 —0.53, 
4,000... .. 1.73|—0.34' 1.02|—0.40| 0.77|—0.53) 0.45—0.51| 
4,500. . 1.56'—0.29, 0.88'—0.41} 0.07/—0.53) 0.37/—0.38) 3.23/+1.24]......]...--- 
| 


TABLE 2.—Free-air resultant winds, m. p. s., during March, 1923. 
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Broken Arrow, Okla Drexel, Nebr. Due West, S. C. Ellendale, N. Dak. Groesbeck, Tex. | Royal Center, Ind. 
(233m.) (396m.) (217m.) (444m.) (141m.) (225m.) 

Altitude. | 
m. s. 1. Mean. 5-year mean. Mean. 8-year mean. Mean. 3-year mean. Mean. 6-year mean. Mean. 5-year mean. | Mean. 5-year mean. 
Dir. {Vel.| Dir. Dir. |Vel.| Dir. Dir. |Vel.) Dir. Dir. |Vel.| Dir. j|Vel Dir. |Vel.| Dir vel, Dir. |Vel.| Dir. |Vel. 

| 
Surface..... S. 36°W.| 2.0)/S. 4°W.] 0.6/S. 43°W.) 0.8)/S. 42°W.] 1.7/S. 49° W.) 4. 5|N.47°W.] 2.0/S. 35°F. | 1.0 Ss. 1, 57°W.| 3.2/8. 33° W.) 2.1 
WD. S. 35°W.| 2.0/S. 4°W.) 3.1)|......... as |S. 47°W.| 2.5/8. 50°W 2,2! 30°E. | 2°E.} 2.28. 56°W.) 3. 4)S. 32°W.) 2.4 
S. 28°W.| 2.7/S. 8°W.| 1.4/S. 46°W.) 1.1/\S. 55° W.) 3. 4/S. 58° W.| 3.1)|N.49°W.) 4.6)N. 55° W. 1. 8) S. 9°W.] 4.0)\S. 56°W.] 6.5)S. 42°W.) 5.1 
S. 28°W.) 3.2/S. 11°W.] 5. 9)/N. 70° W.| 3.7/S. 72°W.| 68° W. 4.3/8. 58° W.| 4. 2\IN.62°W.| 4. 91N. 84° 11°W.] 3.2/8. 21°W. 4.9||S. 70° W.) 8. SIS. 49° 6.5 
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THE WEATHER ELEMENTS. 
By P. C. Day, Meteorologist in Charge of Division. 
PRESSURE AND WINDS. 


The rapid changes in the atmospheric circulation dur- 
ing the several months of the past winter, referred to 

reviously, which showed some signs of abating in 

ebruary, were renewed during March, and the month as 
a whole more than maintained its reputation for un- 
pleasant weather, and, in some portions at least, ran true 
to tradition concerning lamb-like entrance and lion-like 
exit. 

The pressure for the month as compared with the nor- 
mal was, as during the preceding month, high over nearly 
all districts of the United States and Canada, the only 
exceptions being the Great Lakes and St. Lawrence 
Valley regions, where, unlike February, the averages were 
slightly less than normal. Pressure was distinctly above 
normal over the far Northwest, due to the presence of a 
well-developed anticyclonic condition that persisted dur- 
ing much of the month over that region. 

The pressure for March, 1923, as compared with the 
preceding month, showed diminution in all parts of the 
country, as might be expected, though the changes 
were unusually Tate over all districts and particularly 
in the central and northwestern districts, due mainly to 
the abnormally high pressure of February. 

Among the more important anticyclones of the month 
were the following: 

On the morning of the 17th high pressure appeared in 
the far Canadian Northwest, attended by a sharp fall in 
temperature, which during the following two days over- 
spread the Great Plains, central valleys and West Gulf 
States, bringing below-zero temperatures into the upper 
Mississippi Valley and adjacent regions, and freezing 
weather almost to the lower Rio Grande Valley. Durin 
the following 24 hours it moved rapidly to the Sout 
Atlantic coast, losing somewhat in severity of the at- 
tending cold, but still giving temperatures in numerous 
instances lower than ever before reported so late in the 
month. Again, on the morning of the 27th, high pres- 
sure moved into the Northwestern States and during the 
following 48 hours overspread the northern and central 
districts to the eastward of the Rocky Mountains, with 
attending low temperatures, again breaking the record 
for low temperatures so late in the season at a number 
of points in the central and northern districts. Before 
this anticyclone had passed off the Atlantic coast another 


had appeared in the British Northwest, and by the 
morning of the 30th had entered the United States with 
greet strength between the Rocky Mountains and the 

reat Lakes, and penetrated into the central valleys dur- 
ing the last day of March and into the more eastern dis- 
tricts by the first of April. This, too, was attended by 
severe cold for the season, and many points in central 
and eastern districts again had the lowest temperatures 
ever observed so late in spring. 

Cyclones were numerous, and frequently well-defined 
during the first half of the month, particularly over the 
Great Lakes and to the eastward. e outstanding storm 
of the month, however, moved from its position in central 
Texas on the morning of the 1lith, to the southern end 
of Lake Michigan by the morning of the 12th, developing 
great force as it moved over the middle Mississippi Valley 
and adjacent territory. After leaving the Great Lakes, 
however, it lost energy rapidly, and was central over 
northern New Engient 24 hours later as a storm of only 
moderate intensity. This storm was attended by high 
winds, rain and snow over wide areas adjacent to its 
St and local storms of great severity occurred, attended 

loss of life and large damage to property, the details 
of which appear in other parts of this teview. 

Aside from the storms of the llth and 12th, other 
severe windstorms occurred locally during the first week 
of the month, and again on the 15th and 16th. The 
latter half of the month was comparatively free from 
storms of this character. 

The usual notes concerning damaging storms appear in 
a table at the end of this section. 

The frequent changes in pressure distribution during 
the month greatly complicated the wind systems, and 
the prevailing directions were not from common points 
over extensive areas, as shown on Chart VI. 


TEMPERATURE. 


March was a month of frequent and sharp temperature 
changes, and on many occasions the weather bore the 
earmarks of winter more prominently than those of spring. 
This was particularly the case in portions of New England, 
where, on account of the long, cold winter, and the fre- 
quent lack of proper fuel or of even any at times, the 
hopes undoubtedly nurtured that March would bring 
relief were cruelly disappointing. 

The first two weeks were moderately warm over the 
districts from the Rocky Mountains eastward, save during 
the second week when it was distinctly cold over the 
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Northeastern States, and mainly cool during both weeks 
from the Rocky Mountains westward. 

The first few days of the month were especially warm 
over the upper Mississippi and lower Missouri Valleys 
and portions of the Middle Atlantic States, where the day 
temperatures were, in many cases, as high as or higher 
than ever before observed so early in the month. After 
the middle of the month, however, sharp changes to 
colder weather were frequent, and the week ending March 
20th was unusually cold over the great central valleys 
and less so over nearly all other portions of the country, 
only small areas along the immediate Atlantic and Pacific 
coasts having temperatures above normal. Toward the 
end of the week a cold wave of unusual severity over- 
spread practically all central and eastern districts and 
temperatures lower than ever before observed so late in 
March were reported from many sections. 

The week following, ending March 27th, continued 
cold over practically all parts of the country, only small 
areas in the extreme East and far West having averages 
for the week above the normal. The week was particu- 
larly cold from the Dakotas eastward to the upper 
Lakes, where the averages were from 6° to 15° baloer 
normal. The final days of the month had two short 
periods of severe cold, confined principally to the central 
and eastern districts, where on both occasions tempera- 
tures lower than any previously recorded so late in 
spring were observed at numerous points. In the far 
West, however, there was a rapid warming up during 
the last few days of the month, and temperatures in por- 
tions of California and adjacent States were as high as 
ever observed in March. 

For the month as a whole the average temperature 
was slightly above normal over the Atlantic coast States 
from southern Pennsylvania to Florida, over most of 
California and Oregon, and in portions of Washington, 
Idaho and Montana. Over all other portions of the 
United States, and generally over Canada, the monthly 
temperature averages were less than normal, and in the 
vicinity of the upper Lakes the month was among the 
coldest of record for March. 

The principal warm periods were the first few days of 
the month in the Great Plains and Mississippi Valley, 
and to the eastward; on the 11th to 13th over most of 
the Gulf and South Atlantic States; on the 23d over the 
Northeastern States; and from the Rocky Mountains 
westward during the closing days of the month. 

Important cold periods were from the 3d to 5th over 
the far western States; from the 8th to 9th in the North- 
eastern States; from the 18th to 20th over most dis- 
tricts from the Rocky Mountains eastward, and over 
pec gy the same area during the last few days of the 
month. 


PRECIPITATION. 


Over much of the country from the Rocky Mountains 
eastward the precipitation for March, 1923, was in excess 
of the normal, and was generally well distributed through 
the month. However, an extensive area from Ohio and 
Kentucky northeastward to New England had somewhat 
less than usual, and in portions of the South Atlantic 
and Gulf States there were smaller areas with less than 
the normal amounts, particularly over the Florida Penin- 
sula, and notably in the more southern portions. At 
Miami drought has continued since the first of the year, 
the total precipitation for the entire three months 
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amounting to but slightly more than one inch, the least 
ever recorded at that station for a similar period. 

West of the Rocky Mountains and in portions of the 
upper Missouri Valley and nearby territory, there was 
practically everywhere less than the normal precipita- 
tion, the deficiencies over California and the western 
districts of Oregon and Washington being particularly 


large. 

im California the month was notably dry, San Francisco 
reporting the least rainfall in March for 74 years, the 
entire period of weather observations at that place. 
Likewise at Fresno, Sacramento and other points the out- 
standing feature of the weather was the almost entire 
absence of precipitation, a condition most unusual for 
that month. As February was also markedly dry it is 
becoming inevitable that there will be a serious shortage 
of water for irrigation and hydroelectric purposes during 
the coming summer. Similar conditions existed over 
much of Oregon and to a less extent in adjacent States. 

The more important periods with extensive precipita- 
tion were as follows: 

From the 3d to 5th when precipitation occurred ver 
generally from the central Rocky Mountains eastward, 
the amounts being mostly light, except in portions of the 
middle and upper Mississippi and lower Missouri Valleys; 
on the 6th and 7th when general rains or snows prevailed 
from the Southern Plains northeastward and eastward, 
the falls being heavy in portions of the middle Mississippi 
and lower Ohio Valleys and Atlantic coast States; on the 
llth to 13th from the eastern portions of the Great 
Plains to the Atlantic, the falls being heavy in portions 
of the Mississippi and lower Missouri Valleys, and locally 
in the Gulf mt § Atlantic coast States; from the 15th to 
17th when precipitation was again general over the same 
region, the amounts being generous to heavy over much 
of the territory covered. More or less rain occurred over 
the Atlantic coast districts on the 19th and 20th, and 
again on the 22d and 23d. The latter part of the month 
was without extensive or heavy precipitation, save in 
Texas where heavy rains occurred at numerous central 
and eastern points on the 27th and 28th. 


SNOWFALL. 


The snowfall was generally more than normal over the 
northern Plains at in northern districts to eastward. 
There was somewhat more than the average of March 
in districts to northward of a line joining Boston and 
Buffalo; and there was much more than normal to north- 
ward of a line from Detroit through Chicago to Kansas 
City. From central Iowa to east-central Michigan there 
was a notable fall on the 11th and 12th, the snow in much 
of the area being unusually wet, loading wires and trees 
till vast damage resulted, also hampering traffic greatly. 
Two additional heavy falls followed within. a week’s time, 
still further delaying traffic. The earlier of these two 
on the 14th-15th, was light east of Lake Michigan, but 
was remarkably heavy in eastern Nebraska and western 
Iowa; the later accompanied the marked fall in temper- 
ature on the 18th. 

In northern Michigan, especially the eastern part of 
the there were numerous snowstorms, 
but that of the last few days of the month, when bigs 
winds drifted the snow greatly, was especially trouble- 
some. At Sault Ste Marie, as at several points in Wis- 
consin, Iowa and Missouri, the snowfall of the month 
was greater than that of any preceding month of record. 
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In northwestern Wisconsin and central Minnesota and 
thence westward to central Montana, the snowfall of the 
month was not particularly heavy, and in the southern 
and central Appalachian districts, also nearly every- 
where south of central Ohio and centrai Illinois te was 
either no snowfall or comparatively little. 

In the far West the snowfall of March was decidedly 
light in the California and Nevada mountains, and else- 
ns was usually less than normal, save in Colorado, 
the northern Rockies and the Black Hills region. The 
end of the month found the snow stored for the water 
flow of spring and summer mainly less favorable than 
normal in the States that border Mexico and in the 
Pacific States. From Colorado to Montana the snow 
depths indicate a good supply, and in the middle and 
northern Plateau about an average supply. 

In the northern portions of New England, New York, 
and Michigan the snow that still remained at the end of 
March was very deep, and some stations reported a 
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greater depth of snow on the ground than at any previous 
time during their periods of record. 


RELATIVE HUMIDITY. 


For the country as a whole the average relative humid- 

was less than normal. The dry conditions in the 
est were clearly indicated by the deficiency in the per- 
centage of relative humidity, amounting in the drier 
localities to 25 per cent or more. 

Over the central and eastern districts where precipita- 
tion was more nearly normal, or above, and of frequent 
occurrence, and where cool weather persisted, which 
would ordinarily indicate higher humidity conditions, the 
averages for the month were likewise less than norma! 
in many sections. In the central and southern Rocky 
Mountain regions, and over the Great Lakes, portions of 
New England, and locally in the Southeastern States the 
relative humidity was above normal. 


it 


SEVERE LOCAL STORMS, MARCH, 1923. 


[The table herewith contains such data as have been received concerning severe local storms that occured during the month. A more complete statement will appear in 
the Annual Report of the Chief of Bureau.] 


th o prop- er 0 

Place. Date. Time. path. = erty de- storm. Remarks. Authority. 

stroyed. 
Yards 
St. Joseph, Mo., and vicinity.. SSAC On...) ae lxce aes $50,000 | Tornado.......... Many buildings damaged or blown down. Nine | Official, U. S. Weather Bu- 
persons injured. reau. 
Western Wisconsin.......... Rain, sleet, and | Miles of telephone, telegraph, and electric wires | Capital Times (Madison, 
snow. — down. Railroad traffic paralyzed for a Mage Sentinel (Milwau- 
ay. <ee, Wis.). 

Pittsburgh, Pa., and vicinity . Many persons injured by flying glass; property | New York World (N. Y.); 
pone heavy; barns destroyed; rail traffic Baltimore Sun (Md.). 

elayed. 

Palmyra, Mo. (mear)......... 5 | 9p.m..... i 3,000 | Wind and rain....| Houses and other buildings damaged..........-- Official, U. S. Weather Bu- 

reau. 

Central Alabama and Georgia. Many buildings damaged; power lines, telephone | Advertiser (Montgomery, 
and telegraph service crippled: two persons Ala.). 

injured. Montgomery streets flooded 

Calhoun Falls, 8, C........... Several houses Official, U. 8S. Weather Bu- 

reau. 

New York and adjacent Glaze and snow...| Street-car service demoralized; trains delayed; Do. 

States. . wires down; harbor traffic almost tied up. 
Several persons injured. 

11 | 7:45 p. m 50,000 | Tornado. ......... Track | amage one mile long; two persons | Official, U. S. Weather Bu- 
injured. reau. 

Deanbu: d Pinson, Tenn.. 11/}8p.m 300 20 | 100,000 |..... ia a kacite Seventy persons injured; 60 dwellings wrecked; | Official, U. S. Weather Bu- 

freight train blown from track; wire com- reau;. News Scimitar 
munication cut off. (Memphis, Tenn.); Reg- 
ister Mhl.). 

Gallatin County, Ill.......... 11 | 9p. m..... 10, 000 |..... Buildings and trees destroyed or damaged....... Official, U. S. Weather Bu- 

reau. 

crippled. 

Indiana, especially southern..| 11-12 |............|-------+--[eeeeee 300, 000 PHOS cnsesnmenee Heavy property damage; public utilities com- | Official, U. S. Weather Bu- 
pa ~y suffer great loss; several persons in- tind’) Evansville Journal 
jured. nd.). 

Kentuck 9 {1,500,000 |..... Buildings blown down or damaged; much loss of | Official, U. S. Weather Bu- 

tral), live stock; wire lines crippled. Lexington Leader 
y.). 

600, 000 |.....do. .| Buildings demolished or damaged: wire lines |Official, U. S. Weather Bu 

put out of business; some stock killed; trees reau; Nashville Banner 

Arkansas, Mi uildings and wire lines blown down or in- | Commercial Appeal (Mem- 
northern weenie nts 5 ured; mules and horses killed; windows phis (Tenn.); Nashville 

’ lown in. Banner (Tenn.), 
Wisconsin, eastern Iowa,and | 11-12 |............|-----.---- Seer ee Wind and snow...| Wires broken down; trees destroyed; windows | Official, U. S. Weather Bu- 
northern I)linois. broken; rail and highway traffic greatly | reau; Wisconsin News (Mil- 
delayed. waukee, Wis.); New York 

Times (N. Y.). 

Western and southern Michi- | 11-12 |..........2-|....ee-ee+|eeeee- 2,000,000 | Wind and snow...| Public utilities suffer heavy losses; other gen- | Menominee Herald-Leader 

gan. ; eral damage done; serious delays of traflic. (Mich.). ; 
Free Press (Detroit, Mich.). 

a Tribune (New York, N. Y.). 
Northwestern Mississippi..... 16 | 350,000 | Tornado.......... Town of Savage completely out; many | Commercial Appeal (Mem- 
ersons injured and several hundred made phis, Tenn.). 
omeless, Indianapolis Star (Ind.). 

reau. 

Indianapolis, Ind............ 40,000 |..... Heavy damage to public utilities and to build- | Indianapolis News (Ind.). 
ings. 

Central and western New | 15-16 |...........-|ecceeeeeee] 1 Jaceeeeeeee Wind and rain....| Roofs, chimneys, and trees damaged consider- | Star (Oneonta, N. Y.). ' 

York. ably; property loss heavy; wire lines crippled. | Press (Binghamton, N. Y.). 

Yakima, Wash............... Roofs, windows, and small buildings wrecked; | Official, U. S. Weather Bu- 
some trees destroyed. reau. 

South Carolina (northwes- ses 30,000 | Thunderstorms. . .| Considerable damage, especially to buildings, by Do. 

tern). wind squalls. 
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STORMS AND WEATHER WARNINGS. 
WASHINGTON FORECAST DISTRICT. 


Storm warnings.—Storm warnings were issued for 
portions of the Atlantic or the east Gulf coast on 13 days 
during the month, the most important being those of 
the 6th, 15th, 18-19th, and the 30th. In addition, 
small-craft warnings were issued on four days. 

On the morning of the 6th an area of high pressure 
was over New England and a disturbance of considerable 
intensity was central over the lower Ohio Valley, moving 
northeastward with rapidly increasing intensity. At 
9:30 a. m. northeast storm warnings were ordered for 
the Atlantic coast from the Virginia Capes northward 
and at 2 p. m. southwest warnings were displayed south 
of the Virginia Capes as far as Jacksonville, Fla. This 
storm became very severe by the time its center reached 
the southern New England coast and there were gales 
along the entire Atlantic seaboard from Jacksonville 
northward, several stations reporting velocities of 60 
miles an hour or over, the highest, 68 miles an hour from 
the west, occurring at Cape Hatteras. 

The next storm of marked intensity that reached the 
Atlantic coast was that of the 16th, warnings for which 
were displayed at 5 p. m. of the 15th. Southerly gales 

revailed generally north of Cape Hatteras, and at both 

ew York City and Sandy Hook, N. J., a maximum 
velocity of 76 miles an hour from the south occurred, 
which is especially high for southerly winds. 

Again on the 19th there were west and northwest gales 
along the entire coast from Jacksonville, Fla., northward, 
in connection with a severe storm that was central over 
northern New York at 8 a. m. of that date and moving 
rapidly east-northeastward. The highest velocity re- 

orted was 72 miles an hour from the northwest at New 
York City, and many other stations experienced winds 
of 48 miles an hour or over. Warnings were issued well 
in advance for the entire area affected. 

A slight disturbance which was over the eastern Gulf 
of Mexico on the morning of the 30th moved rapidly 
northeastward during the day with slowly increasing 
intensity and it was centered in the vicinity of Cape 
Hatteras at 8 p. m. During the night it became a 
storm of mes) strength as it continued to move north- 
eastward and it was quickly followed by a great area of 
high pressure and a cold wave from the Northwest. 
Northwest and north gales prevailed generally from Cape 
Hatteras northward, the highest velocity reported being 
60 miles an hour from the north at Cape Henry. 

Cold-wave warnings.—March was a month ob frequent 
and marked temperature changes and cold-wave warn- 
ings were required on several dates after the middle of the 
month. On the morning of the 17th an area of high 
pressure with its crest over the upper Ohio Valley was 
moving east-northeastward. At the same time a disturb- 
ance of marked intensity was moving rapidly southeast- 
ward over the Rocky Mountain region and the Plain 
States, closely followed by an area of abnormally high 
pressure and a cold wave. The latter moved rapidly 
southeastward from Alaska over the Canadian Northwest. 
This type of pressure distribution was indicative of the 
steady advance of the northwestern area of high pressure 
and cold weather to the Atlantic and Gulf coasts, and, in 
the weekly forecast issued on Saturday the 17th, it was 
stated that decidedly colder weather would overspread 
the Eastern and Southern States Monday and Tuesday 
with frosts probable to the Gulf and south Atlantic coasts, 


MONTHLY WEATHER REVIEW. 


Marcu, 1923 


except in Southern Florida. At the same time cold-wave 
warnings were issued for Ohio, western New York and 
western Pennsylvania, and at 8 p. m. for Kentucky, west- 
ern Tennessee and northern New York. The followin 
day they were extended to cover the balance of the 
Washington Forecast District, except southern and central 
Florida. The cold wave overspread the lower Lake Re- 
= and the Ohio and lower Mississippi valleys during 

unday night, and by Tuesday morning the warnings were 
fully venitied at every station in the district, except in 
the Florida Peninsula. . 

Another cold wave advanced rapidly eastward over the 
upper Ohio Valley and the midéile Atlantic and north 
Atlantic States during the 28th, and the lowest tempera- 
tures of record so late in the season were reported from 
stations in New York, Pennsylvania, Maryland, and the 
District of Columbia. The temperature fell somewhat 
lower than expected so that cold wave warnings were not 
issued, except for a very limited portion of this area. 

The next cold wave quickly overspread middle and 
northern sections east of the Rocky Mountains, and there 
were record breaking temperatures on March 31st at 31 
stations east of the Mississippi River and from Tennessee 
and North Carolina northward, and at 35 stations within 
the same area on Easter Sunday, April 1. Warnings of 
this cold wave were issued on the 30th for the greater 
portion of the region affected. 

Frost warnings.—Frost warnings were issued for por- 
tions of the southeastern States on 11 dates during the 
month, the most important being those of the 18th and 
19th. Freezing temperature occurred to the Alabama 
and extreme northwest Florida coast on the morning of 
the 20th, but cloudiness prevented the formation of frost, 
while killing frost was reported from the interior of the 
east Gulf States and at all stations in the south Atlantic 
States north of Florida. 

Heavy snow warnings.—Warnings of heavy snow were 
issued for western Pennsylvania and western New York 
and for the Atlantic States north of Virginia on the 6th, 
and heavy snowfall was reported from much of this area.— 
Charles L. Mitchell. 


CHICAGO FORECAST DISTRICT. 


The month of March was a most active one in the Chi- 
cago Forecast District. One disturbance after another 
moved across the district in rapid succession, usuall 
taking the route across the southern portion, and fol- 
lowed by high-pressure areas and low temperature. As 
a consequence the total precipitation was rather heavy 
over the eastern — of the district, and the tempera- 
ture was generally below the seasonal normal, except in 
portions of Montana. The deficiencies were most marked 
in the upper Mississippi Valley and western Lake Region, 
where the departures ranged from 3° to more than 10°. 

The first storm put in its appearance in the Canadian 
Northwest on the morning of the lst, and moved directly 
southeastward over the Great Lakes, with a secondary 
storm reaching far to the rear over the middle Rockies. 
The former steadily lost energy while the latter became, 
by the 3d, the principal storm and crossed the Great 
Lakes on the 4th, attended by shifting gales and followed 
by much colder weather. No severe cold followed this 
storm, however, and cold-wave warnings were issued 
only for a limited area in the Northwest. Livestock 
warnings were issued on the 2d for North Dakota and 
Wyoming, and on the 3d for Nebraska and Kansas, as 
well as Wyoming; also on the night of the 3d advices 
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of dangerous gales on Lake Michigan were sent to ports 
maintaining winter navigation, vessel masters being 
warned not to leave port. 

On the 4th additional disturbances appeared in Al- 
berta and the southern Plateau region, the former moving 
southeastward and the latter northeastward, joining 
forces finally over the Ohio Valley, not however, causing 
any conditions in the Chicago Forecast District that jus- 
tified special warnings, with the exception of cold-wave 
warnings in the northern Lake Region. 

On hs morning of the 10th low-pressure areas were 
centered in the Northwest and in the Southwest, which, 
by the morning of the 12th, had combined into a storm 
of remarkable energy, passing over Lake Michigan as a 
single storm accompanied by snow, sleet and rain, and 
heavy gales. The lowest barometer of record, 28.70 
inches, was registered at Chicago at 2 a. m. of the 12th. 
Advisory messages were sent on the night of the 11th to 
all open ports on Lake Michigan of impending gales, and 
vessel masters were cautioned not to leave port. In 
addition advisory messages were sent on the morning of 
the 12th. 

Before the last-named storm had disappeared down the 
St. Lawrence Valley, another, which appeared in British 
Columbia, was moving in a southeasterly direction across 
the Rockies. On the morning of the 13th the center had 
reached western Colorado and at the same time an area 
of high pressure (anticyclone) had advanced from the 
MacKenzie River basin to Alberta. This storm took a 
circuitous route, but finally reached the eastern limits of 
the Chicago Forecast District by the 15th and 16th, at- 
tended by widespread snow and rain and shifting gales, 
and followed by a sharp fall in temperatyre, reachin 
cold-wave proportions at several points. Livestoc 
warnings were issued on the morning of the 14th for 
Nebraska, Kansas, and southern Wyoming; and advices 
of strong winds were sent to Lake Michigan ports on the 
night of that day. Advisory warnings for Lake Michigan 
were again sent on the morning of the 15th, and frost 
warnings were sent to the strawberry interests in south- 
western Missouri. 

On the morning of the 16th still another barometric 
depression had appeared in Alberta. This moved di- 
rectly southward over the Rockies and was followed by 
an anticyclone of remarkable magnitude for the season 
of the year. The low (cyclone) finally recurved and 
oo eastward over the Chicago district on the 18th. 

arnings of cold waves were sent on the evening of 
the 16th to the Dakotas, and northeastern Wyoming; 
and on the morning of the 17th the warnings were carried 
to the eastern limits of the forecast district, the cold 
wave to reach those points within 48 hours. Livestock 
warnings were also disseminated to points interested, and 
advices of gales generally throughout the district, in- 
cluding the open ports on Lake Michigan. The cold- 
wave warnings were justified at every station in the 
district, bringing to many points on the 17th and 18th 
record-breaking minima for the season after abnormally 
high maxima. The snow was heavy at several points in 
the middle West, and the storm, generally speaking, es- 
pecially the cold-wave feature, was quite remarkable. 

On the a.m. map of the 22d, a barometric depression 
of only moderate energy was centered in Alberta, and this 
was followed by an anticyclone that brought decided 
falls in temperature over the northern portion of this 
forecast district from North Dakota eastward. Warn- 
ings were issued to the area threatened. 

_ On the p. m. map of the 23d a storm had reached Brit- 
ish Columbia from Alaska, and this moved in a south- 
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easterly direction over the Chicago Forecast District. 
The center on the morning of the 25th was in the middle 
Mississippi Valley with an anticyclone to the north with 
extremely low temperatures for the season. Cold-wave 
warnings were then issued for a considerable area in the 
Central States and these were verified; in fact, a few sta- 
tions outside the area showed verifying falls in tempera- 
ture. 

Cold-wave warnings were again issued on the night of 
the 26th and the morning of the 27th, from Minnesota 
eastward over northern Wisconsin and lower Michigan, 
with ensuing temperature falls which reached the point of 
verification. 

The month closed with another a of great 

magnitude moving southeastward over the forecast dis- 
trict from Alberta. On the morning of the 31st the lowest 
minima of record for the season of the year were regis- 
tered at an unusually large number of stations in the 
middle West. It was, in fact, the coldest weather for the 
final day in March for more than a half century, and 
warnings of the cold were issued well in advance. The 
cold was not severe in the western portion of the forecast 
district, and warnings, therefore, were not necessary. 
_ Because of the abnormal weather conditions prevail- 
ing during the month of March, the forecasts and warnings 
were doubtless of great service to transportation interests 
and shippers of perishable goods. Special forecasts were 
made for long periods, covering the considerable portion 
of a week whenever practicable, and this service invited 
much favorable comment. In the Chicago Evening Post 
of March 20, the following editorial appeared: 

With the tingle of yesterday’s zero drop still sharp in memory, the 
moment is opportune to speak a kind word for the local weather bureau 
and Henry Cox, the efficient and accommodating forecaster. They 
may feel the need of kind words under what a Se to be a conspiracy 
on the part of wind and temperature to make them unpopular. 

If you have been checking up on Mr. Cox and his assistants lately you 
will realize that they have a high batting average. It is pretty safe to 
bank on their predictions when you are figuring out what to wear, how 
to stoke the furnace, and the chances of getting home dry if you have 
left umbrella and rubbers behind. Up in the top of the Federal build- 
ing it is something more than a guessing contest which is — operated 
by the vaticinatory gentlemen who consult barometers and compile 
bulletins from all parts of the continent. There isan uncanny accuracy 
about their ability to say in advance which way the wind will blow 
when it listeth, and just about where the mercury will stand in Mr. 
Fahrenheit’s well-known column at a certain hour. 

And what we who work on a newspaper appreciate, and what our 
readers should appreciate, is the fact that Mr. Cox recognizes the high 
news value of the information he gathers and the deductions he makes, 
and takes care to see that no weather development of interest escapes 
our attention. His readiness to communicate all he learns and to 
answer questions no matter how often he may be bothered, constitute 
the weather bureau a public service bureau of great efficiency and 
value. An official who conducts his office with this idea of making it 
widely useful to the people deserves commendation. 


—H, J. Cox. 
NEW ORLEANS FORECAST DISTRICT. 


Unseasonably cold weather occurred in March on tlhe 
West Gulf coast. Cold-wave warnings were issued at 
2:20 p. m. on the 3d, for Oklahoma and northwestern 
Arkansas; were repeated at 8 p. m.; and were extended 
at 8 a. m. on the 4th, over Arkansas and northern 
Louisiana. The warnings were vertified over the greater 
portion of the area. 

A moderate cold wave overspread the greater portion 
of the district, reaching the northern part on the night 
of the 15th, and the southern portion on the morning of 
the 17th, for which timely warnings were issued on the 
15th. 

An exceptionally serve cold wave for the season 
overspread the district during the 18th and 19th, for 
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which timely warnings were issued beginning for the 
northwestern portion of the district on the morning of the 
17th; they were extended over the interior of the district 
at 8 p. m. of the 17th, and to the Gulf Coast on the 
morning of the 18th. The temperatures predicted for 
the different parts of the district occurred almost exactly 
as forecast. 

Moderate cold waves occurred over the northern por- 
tion of the district on the 21st, 22d, and 29th, for which 
warnings were issued. No cold wave occurred without 
warning. 

Moderate storm winds occurred on some portion of the 
West Gulf coast on the 6th, 12th, 15th, 16th, 18th, and 
19th. Warnings were issued for some portion of the 
coast as follows: Small-craft warnings on the 3d, 11th, 
15th, 17th, 18th, 20th, and 21st; storm warnings on the 
6th, 11th, 14th, 15th, and 18th. Warnings were issued 
for all storm winds except at Galveston and Port Arthur 
on the 6th. 

Fire-weather warnings were issued for Arkansas and 
Oklahoma on the 3d, and for Arkansas on the 14th and 
18th.—I. M. Cline. 


DENVER FORECAST DISTRICT. 


The month was cold and stormy, with an excess in 
precipitation in about all of the district, except the 
extreme southern portion. 

On the morning of the 3d, when a disturbance of 
marked intensity was central over southeastern Colorado, 
warnings of heavy snow and much colder weather were 
issued to stockmen in eastern and southern Colorado and 
northwestern New Mexico. Light snow occurred 
throughout the region indicated, attended by a sharp 
fall in temperature that amounted almost to a cold wave. 

Live-stock warnings were issued on the morning of the 
9th to interests in southwestern Colorado, northwestern 
New Mexico, northeastern Arizona, and southern Utah, 
when heavy snow was expected to attend a Low of 
considerable intensity that was central over southern 
Nevada. Moderately heavy snow occurred in south- 
western Utah during the night of the 9th-10th, and light 
snow fell in the remainder of the region in which warnings 
were distributed. 

A cold-wave warning was issued for north-central 
Arizona on the morning of the 10th. Although an 
area of decidedly low pressure which was central near 
Flagstaff moved rapidly eastward, a fall in temperature 
of only about 10 degrees occurred at that station. 

Warnings of a moderate cold wave, issued on the 14th 
for southwestern Colorado, extreme northwestern New 
Mexico, northeastern Arizona, and extreme southeastern 
Utah, were justified, the temperature falling 16° to 20°, 
and to minima of 14° to 16°, over the area included in 
the warnings. Warning of a moderate cold wave for 
southern and extreme eastern New Mexico, issued on the 
evening of the 14th, was also justified, the fall in tem- 
perature east of the mountains in that State amounting 
to from 20° to 34°, with minimum temperatures at Santa 
Fe and Roswell of 8° and 22°, respectively, on the morn- 
ing of the 16th. 

arnings of snow and a severe cold wave in eastern 
Colorado, and of snow and a moderate cold wave in 
northeastern New Mexico, including stockmen’s warnings 
in eastern Colorado, were issued on the morning of the 
17th, when a Low of unusual intensity extended from the 
Southern Plateau States to the Upper Lakes, with its 
center over northeastern Colorado, while much higher 
pressures and severe cold weather prevailed over the sec- 
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tions to the northward. Cold-wave warnings, based upon 
4 p. m. special observations, were extended to southeast- 
ern New Mexico on the afternoon of the 17th and were 
repeated on the evening of that date, when temperatures 
considerably below freezing were forecast for extreme 
southeastern New Mexico by the following morning. 
Moderately heavy snow fell in eastern Colorado duri 
the afternoon and night of the 17th, with a severe col 
wave overspreading northern and eastern Colorado by 
night and extending to extreme southeastern Mew Nexico 
by the morning of the 18th, when the temperature was 
below zero in northeastern Colorado and was but 16° 
above zero at Roswell, N. Mex. The fall in temperature 
in eastern Colorado amounted to from 34° to 40° duri 
the 24 hours ending at 8 p, m. of the 17th, and at Roswe 
to 36° during the 24 hours ending at 8 p. m. of the 18th 

On the evening of the 20th, when an area of low pres- 
sure extended from southern California northeastward to 
the Upper Lakes, with its center near Pueblo, where the 
barometer had fallen to 29.22 inches, warnings of a mod- 
erate cold wave were issued for eastern Colorado and 
southeastern and extreme northeastern New Mexico. 
The fall in temperature during the following 24 hours 
amounted to from 20° to 36° over the region specified, 
with the minimum temperature on the morning of the 
22d ranging from 4° at Cheyenne to 26° at Roswell. 

Warnings of a moderate cold wave were issued on the 
morning of the 21st for northern and eastern New Mexico, 
with live-stock warnings for the northeastern portion of 
that State, due to expected snow and strong northerly 
winds. The cold-wave warnings were fully justified, as 
already indicated, with strong winds and rain, turning 
to light sngw, in northern New Mexico during the 21st 
and the night of the 22d. 

A cold wave, without warning, occurred at Grand 
Junction, Colo., on the 18th, and at Durango, Colo., on 
the 22d. 

Frost warnings were issued as follows: 4th, extreme 
southern New Tietioo and southwestern Arizona; 5th 
and 6th, extreme southern New Mexico and southern 
Arizona; 10th, 11th, and 14th, south-central New Mexico 
and southern Arizona; 12th, south-central New Mexico 
and south-central and southeastern Arizona; 15th, 21st, 
and 22d, southern Arizona; 16th and 23d, southern New 
Mexico and south-central and southeastern Arizona; 18th, 
southern Arizona; 19th, south-central and southeastern 
Arizona; 25th, 27th, and 30th, southern New Mexico; 
3ist, extreme southeastern New Mexico. These warn- 
ings were generally verified. 

The following freezing-temperature warnings were also 
issued: 16th, 23d, and 26th, extreme southeastern New 
Mexico; 18th, south-central and southwestern New Mex- 
ico; 19th and 22d, southern New Mexico. All of the 
foregoing warnings were verified at Roswell, El Paso, or 
the fruit-frost stations in southern New Mexico, except 
that of the 26th, the lowest temperatures on the morning 
of the 27th being 36°.—J. M. Sherier. ; 


SAN FRANCISCO FORECAST DISTRICT. 


The dominant feature of March weather in this district 
was the persistence of a large and energetic area of high 
pressure off the northern coast. This condition deflected 
the storms from the north Pacific eastward at a high 
latitude, confined the areas of precipitation mostly to 
the western portions of Washington and Oregon, and 
rig a drought over the southern portion of the Pacific 

ope. 
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On the 25th, the Pacific HIgH began to move inland 
and slowly developed a warm wave throughout this 
district from the 27th to the 29th, which broke records 
for high temperature in March at Sacramento and Portland 
and equaled the record at Roseburg. 

On the 26th, radio reports from the West Ivan indicated 
the presence of a storm of considerable energy about 
1,500 miles off the California-Oregon coast moving slowly 
eastward. On the morning of the 28th, Advisory 
messages were sent to all ports north of San Francisco, 
warning shipping bound for the Orient of the location 
and movement of the storm and that it would probably 
reach the northern coast about Friday evening (30th) 
and would later extend southward into California. This 
information was also given to the Associated Press, and 
was given marked prominence by the newspapers. 
The storm reached the northern coast Friday night and 
extended southward into California Saturday, breaking a 
drought which had prevailed for over a month. (See 
page 127.) 

storm warnings were ordered 15 times during the month 
as follows: On the California coast 8 times; on the Wash- 
ington and Oregon coast 7 times. While some of these 
warnings were not verified by velocities reported at 
Weather Bureau stations, it is believed from radio reports 
received from vessels at sea, that they were all justified. — 


G. H. Willson. 


RIVERS AND FLOODS. 
By H. C. FRaANKENFIELD, Meteorologist. 


Owing to the low temperatures and numerous heavy 
snows of the winter without any rains or thaws of 
consequence, the inhabitants of the North Atlantic 
States were apprenhesive of severe floods at the end of 
the winter. Sree much of New England more than 90 
inches of snow had fallen during the winter and the 
thickness of the ice in the rivers ranged from a few up 
to 30 inches. It was obvious, therefore, that a few days 
of rain or of warm weather, or both, would result in 
disastrous floods. Fortunately the heavy snows came 
so early that the ground had not frozen, but on the other 
hand absorbed much of the snow and kept it from the 
streams, which were low. It was equally fortunate 
that no heavy rains or high temperatures occurred in 
March, so that, when the ice in the rivers broke up, it 
moved out without serious incident. The only flood 
ps reported in New England was in the Connecticut 
and White Rivers at White River Junction, Vt., where 
there was a crest stage on March 24 of 15 feet, or 2 feet 
above the flood stage. The damage done was small. 
At Hartford, Conn., on the Connecticut River, the ice 
moved out on March 23, navigation by the aid of tugs 
having been opened on March 21. 

_ Flood stages were also reached about the same time 
in the Mohawk, the north branch of the Susquehanna 
and the upper Delaware rivers, but with little resulting 
damage. In the West Branch of the Susquehanna there 
was considerable disturbance pein. the melting of 
the snow from the high temperatures of March 2,3 and 4. 
€ ice went out at Renovo, Pa., on March 2, and at 
Harrisburg, Pa., on the main river, on March 4 and 5. 
Much damage was done along the West Branch, especially 
to railroads, both steam and electric, manufacturin 
eee, merchants, etc. The ice gorged below Loe 
aven, Pa., on March 3, and on the following day many 
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of the streets of the town were covered with water to a 
considerable depth, and railroad traffic was suspended. 

The loss and damage amounted to $60,000. 

Warnings for all rivers were issued promptly as soon 
as the first indications of ice movement beedine apparent. 

The heavy rains over the South Atlantic States about 
the middle of the month caused general floods that were 
well forecast. The floods, while more or less annoying, 
were not severe, and the total losses reported amounted 
to only $16,690, while property to the amount of $147,900 
was —— to have been saved through the warnings 
issued by the Weather Bureau. 

The Santee River of South Carolina remained in flood 
throughout the month. 

The same general rains caused moderate floods in the 
Tombigbee, Pascagoula, and Pearl River systems of Ala- 
bama, Mississippi, and southern Louisiana, for which 
warnings were issued at the proper time. Apparently 
there was no damage of consequence. 

The heavy rain area of the middle of the month ex- 
tended northward over the Lake Erie and extreme south- 
ern Lake Huron basins, and in conjunction with mod- 
erately high temperatures caused some floods in the 
Maumee River of Indiana and Ohio and in the Flint 
and Pine Rivers of the Saginaw system of Michigan. 
Warnings were issued for the Maumee River and, while 
there was much inconvenience by seepage and sewer 
back-water, there was no damage of consequence. The 
Michigan floods were not of sufficient importance to 
require warnings. 

othing of consequence occurred in the Ohio River or its 
tributaries east of Green River, Ky., but the main stream 
below Green River and all tributaries were in moderate 
flood for about ten days, beginning with March 13 in Green 
River and ending, as a rule, with March 28. All of the 
floods were forecast promptly and accurately. The dam- 
age was small, only $36,000 loss having been reported,while 
the estimated value of property saved through the warn- 
ings was $100,500. Also a considerable amount of prop- 
erty was saved, the actual values of which were not stated. 

he Ohio River flood extended down the Mississippi 
River beginning with March 18 at New Madrid, Mo., and 
was in progress at the close of the month, but without 
promise of any unusual occurrences. All tributary 
streams from the Des Moines southward except the 
Missouri and Arkansas, were also in moderate flood, ex- 
cept in the Black and White Rivers of Arkansas, where 
the crest stages raaged from 2 to 9 feet above the flood 
stages. These diode were also well forecast and no 
damage was ‘reported. In the Neosho and Arkansas 
Rivers of Oklahoma the rising waters caused damage to 
the amount of $24,000 to new, bridge construction, 
although flood stages were not reached. Special warnings 
had previously been sent to the construction companies. 

Local floods in the Sabine, Neches, Trinity and lower 
Guadalupe Rivers of Texas were of minor importance, 
and the total reported losses amounted to $10,000. The 
usual warnings were issued. 

The ice gorges that formed in the Missouri River on 
March 22, at Sergeant Bluff, lowa, and Decatur, Nebr., 
threatened for a time to produce disastrous results, but 
the absence of mild, rainy weather prevented a destructive 
overflow. The officials in charge of the Weather Bureau 
offices at Sioux City, Iowa, and Omaha, Nebr., moved 
with promptness, kept in intimate contact with the con- 
ditions, and through their timely and accurate warnings 
prevented the loss of a great quantity of movable prop- 
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erty, and probably of human lives also. As it was, two 
hunters who had ventured out, notwithstanding the 
threatening situation, were caught on a sandbar by the 
rapid rise of water near Mondamin, Iowa, about 60 miles 
below Sioux City, and lost their lives. 

The dangerous conditions continued for several days, 
and it was not until the evening of March 25 that the 
official in charge at Sioux City felt j:stified in issuing a 


public statement that the crisis had 
water caused by the gorge at Sergeant 


The back- 


luff caused a stage 


of 16.8 feet at Sioux City at 10 p. m., March 23, or 0.2 foot 
below the flood stage of 17 feet, which had been forecast, 
while the postmaster at Sergeant Bluff, who had rendered 
most valuable assistance in every way, stated that the 
water at that place was higher than it had been for at 


least 40 years. 


Flood stages during March, 1928. 


Above flood Crest 
Flood stages—dates. 
River and station. stage. 
From— To— | Stage.| Date. 
ATLANTIC DRAINAGE. 
Connecticut: Feet. 
White River Junction, Vt.............. 13 24 26 15.0 24 
Mohawk: 
16 23 23 16.5 23 
15 24 24 17.6 24 
Delaware: 
18 6 6 18.0 6 
Susquehanna: 
11 18 20 13.2 18 
11 24 24 12.9 24 
W. Br.: 
20 5 5 21.4 5 
James: 
18 17 17 23.0 17 
10 18 18 12,1 18 
Roanoke: 
21 17 19 28.0 18 
On 30 9 10 32.0 9 
30 18 23 45.0 20 
Dan: 
Danville, 17 18 12.5 18 
12 19 19 14.2 19 
‘ar: 
Rocky Mount, N.C..................-- 9 17 17 9.4 17 
Neuse: 
14 15 23 18.5 19 
Cape 
35 15 15 37.7 15 
35 18 20 40.0 18 
Peedee: 
27 14 21 35.3 19 
Santee. 
Catawba: ® 
ateree: 
ee 18 
Columbia, S.C 
Broad. 18-19 
Saluda 19 25 18 
: 14 17 21 18.8 18 
Oconee: 
Ocmulgee: 
18 14 15 19.4 14 
18 19 20 19.2 20 
Lumber City, Ga..... Senebeenseescccee 15 26 28 15.2 27 
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red Crest 
stages—dates. 
River and station. Flood 
stage. 
From—| To— | State. | Date. 
, EAST GULF DRAINAGE. 
Apalachicola; Feet. eet. 
River Junction, Fla..................-. 12 22} () 21.4 22 
Blountstown, Fla...................... 15 1 17.3 2 
15 15 (?) 21.0 22 
oochee: 
Tombigbee: 
Black Warrior: 
Chickasawhay: 
21 23 26 26. 4 26 
é 7 25 30; 33.2 27 
eas: 
19 25 27 20.4 26 
Pearl: 
Edinburg, Miss 21 25 28 22.6 26 
Jackson, Miss..........- 20 23} (?) 30.6 30 
Columbia, Miss 18} () 4| 20.4 1 
West Pearl: 
13 26) (3) 15.7 29-31 
GREAT LAKES DRAINAGE. 
Maumee: 
15 13 14 16.7 13 
St. Joseph: 
Auglaize: 

Fosters, Mich 18 5 5 18.0 5 
Alma, Mich 6 4 8 7.2 6 

Do 6 17 17 6.0 17 
Do 6 23 26 3 23, 25 
Red Cedar: 
8 5 5 8.2 5 
MISSISSIPPI DRAINAGE. 
Ohio: 
33 15 24 35.7 20 
35 17 2 36.9 20 
Mount Vernon, Ind................--.- 35 17 26 37.4 21 
Shawneetown, 35 () 39.1 22 
11 23 23 11.3 B 
33 8 11 35.8 10 
33 13 20 37.6 18-19 
33 25 26) 33.6 25 
34 13 31 38.5 22 
ll 13 21 20.5 18 
16 17 24 19.7 20 
14 18 28 18.7 24 
16 16 29 22.3 24-25 
18 21 26; 20.0 24 
14 17 17 14.8 17 
19 16 21 24.7 19 
Cumberland: 
40 12 17 41.7 13 
46 13 19 49.0 17 
50 15 21 52.8 19 
Tennessee: 
Knoxville, Tenn.......... 12 18 19 13.4 18 
Riverton, Ala............. 33 23 26 36.5 25 
Johnsonville, Tenn 31 25 26 31.2 26 
French Broad: 
65555. 13 17 17 13.4 17 
4 17 17| 40 17 
Big Pigeon: 
6 7 7 6.3 7 
Mississippi: 
New Madrid, Mo... 34 18 36.4 22-23 
Arkansas City, 48 30} @ 48.6 31 
Vicksburg, 45 30| 45.7 31 
Moines: 
10 27 28 10.2 27-28 
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Flood stages during March, 1923—Continued. 
Above flood 
Flood stages—dates. Crest. 
River and station. stage. 
From—| To— | Stage.| Date. 
MISSISSIPPI DRAINAGE—Continued. 
Illinois. Feet Feet. 
Meramec. 
1l 16 18 14.6 18 
14 14 14 15.4 14 
14 16 19 16.9 18 
Bourbeuse: 
chicas 10 17 18 11.7 18 
St. Fra 
Marked Tree, Ark. 17 Q) 7 18.0 
Petit Jean: 
White: 
18 16 16 18.8 16 
23 16 17| 25.6 17 
26 18 19 26.5 19 
ack: 
9 ll 29 9.6 16-17 
0200: 
Yazoo City, Miss....................... 25 14 26. 2 7-8 
Tallahatchie: 
Swan Lake, Miss..................0.00 25 Q) 8 26.9 1 
25 28 (2) 26.7 31 
Sulphur: 
Ringo Crossing, Tex.................... 20 7 9} 20.5 7 
24 ll 12 24.1 12 
Ouachita: 
i 30 2 5 31.9 4 
30 9 14 34.0 ll 
WEST GULF DRAINAGE. 
Sabine: 
25 () 5 26.9 2 
Neches. 
rin 
25 3 4 25.6 3-4 
Guadalupe: 
1 Continued from February. 2 Continued into April. 


MEAN LAKE LEVELS DURING MARCH, 1923. 
By Unirep States LAKE SurvVEy. 
[Detroit, Mich., April 7, 1923.} 


The following data are reported in the “Notice to 
Mariners” of the above date: 


Lakes.! 
Data. Michigan 
Superior.| an Erie. | Ontario. 
Huron 
Mean level during March, 1923: Feet. Feet. Feet. Feet. 
Above mean sea level at New York...... 601.45 578.98} 570.98] 244.74 
Above or below— 
Mean stage of February, 1923. ....... —0.15 +0. 17 +0. 10 +0. 27 
Mean stage of March, 1922............ +0. 22 —0. 44 —0. 41 —0. 34 
Average stagefor March, last 10 years.| —0.29 —1,10 —0. 81 —0.94 
Highest recorded March stage........ —0. 83 —3.97 —2. 87 —3.07 
Lowest recorded March stage........ —0. 79 —0. 13 +0.15 +0. 44 
Average relation of the March level to— 
+0. 10 +0. 10 +0. 20 


‘ Lake St. Clair’s level: In March, 573.62 feet. 
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EFFECT OF WEATHER ON CROPS AND FARMING OPERA- 
TIONS, MARCH, 1923. 


By J. B. Ktncer, Meteorologist. 


March, as a whole, was co'der than normal in all sec- 
tions of the country, except in the Middle and South 
Atlantic States, and in the far West and Northwest. 
The temperature averaged much below normal in the 
western Lake region, upper Mississippi Valley, and in 
the central and southern Rocky Mountain States. There 
was sufficient precipitation for agricultural needs, except 
in portions of Florida, parts of the Great Plains, some 
southwestern districts, and in California. Rainfall was 
heavy in most sections south of the Ohio and middle 
Mississippi Valleys, and snowfall was heavy in most 
northern localities from the upper Mississippi Valley east- 
ward, with considerable cloudy weather in the South. 

The first half of the month was comparatively mild 
east of the Rocky Mountains and vegetation and farm 
work made mostly satisfactory progress. The lon 
drought in northwestern Texas, western Oklahoma, ane 
eastern Kansas was broken by rather generous precipita- 
tion during the week ending March 13, but it continued 
dry in western Kansas, Tekkesich and the eastern por- 
tions of the central Rocky Mountain States. 

Under the influence of mild temperatures in the South- 
ern States, early fruit advanced rapidly and by the 20th 
of the month, early peaches, plums, and pears were bloom- 
ing throughout the Gulf States and were coming into 
bloom northward to Oklahoma, northern Arkansas, and 
east-central North Carolina. At this time, a severe cold 
wave overspread all sections of the country east of the 
Rocky Mountains, the temperature dropping to 10° 
above zero in central Oklahoma, 14° above in central 
Arkansas, and 24° to 26° to the central portions of the east 
Gulf States. This freeze did much damage to early fruit 
throughout the Southern States, although the later 
varieties of peaches, including Elbertas in Georgia, were 
not badly damaged in some localities. 

Winter wheat made but little growth during the last 
half of the month because of the prevailing cold weather 
and some damage was done by freezing in portions of the 
Ohio Valley. In the trans-Mississippi States the month 
was rather favorable for wheat, except in the drier sec- 
tions of the Great Plains where the crop was in very poor 
condition. Oats suffered severe damage from the cold 
in the southern Great Plains, particularly in Oklahoma, 
and the latter part of the month was very unfavorable 
for the preparation of soil and seeding in the Central 
States. The weather was unfavorable also for the prepa- 
ration of corn ground and planting was delayed in much 
of the South by the cool, wet iain th 

Planting and replanting cotton made fair progress in 
southern Texas and at the close of the mon hebdine 
was more general in the Atlantic coast area, but con- 
siderable replanting was necessary in southern Georgia, 
where much early planted cotton was killed by the 
freeze of the 20th. The soil was too cold and wet for 
much field work in the central Gulf States. 

There was sufficient precipitation to improve ranges 
in most of the great western grazing districts, although 
more moisture was badly needed in California and 

astures were starting slowly in the North Pacific Coast 
Bates. The latter part of the month was cold, stormy, 
and unfavorable for stock in the central Rocky Mountain 
section, with some losses reported in Colorado. Grass 
was starting slowly in Central and Eastern States and 
much young clover was killed by freezing in the Ohio 
Valley section. 


3 
7 
4 
7 
8 4 
5 
6 
7 
5 
7 
19 
13 
17 
19 
25 
26 
17 
17 
7 
17 
23 
26 
31 
31 
31 
28 


162 MONTHLY WEATHER REVIEW. Marcu, 1923 


CLIMATOLOGICAL TABLES.' 
CONDENSED CLIMATOLOGICAL SUMMARY. 


In the following table are given for the various sections of the Mm service of the Weather Bureau 
the monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, 
with dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated 
by the several headings. 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by using all trustworthy records available. 

he mean departures from normal temperatures and precipitation are based only on records from stations that 

have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 
stations. 
Condensed climatological summary of temperature and precipitation by sections, March, 1923. 


/ 


Temperature. Precipitation. 
6 | & Monthly extremes. Ss = Greatest monthly. Least monthly. 
Bo Station. g Station. | 5 Station. Station. 
a Hia < < 
OF °F. | °F. In. In. | } In. In. 
—1.4) 89 | 2stations............. 6.36 | +0.74 | Union Springs...... 10.35 | Uniontown..........} 3.27 
-| 49.5 | —2.9 | Mohawk............ 93 31| Springer Valley’ 0 5 || 1.01 | —0.17  Ashdale Ranger Sta-| 5.10 | 2stations............ 0.00 
anger Station. | _ tion. 
| 18 || 5.04 | +0.34 | Patterson........... 10.55 | Fort Smith.... 2.12 
52.8 | +1.0 | Oroville (near)...... 94 | 227 | Tamarack........... —10 410.43 | —3.57 | Nellie............... 5.72 | 17 stations... 0.00 
29.4 | —4.9 | Canon City.......... 79 2 | 2atations............|—25 18 || 1.65 | +0.40 | Silver Lake......... 7.10 | Saguache.... T, 
67.7 | +2.0 | Lake Wales......... 94| 17| 2stations............. 26] 20 2.08 | —0.87 | Cottage Hill......... 7.98 | Punta Gorda........} 0.21 
57.3 | +0.5 | 2stations............ 88 | 212] Blue Ridge..........! 12] 20]] 6.00} +1.11 | Concord............. 9.59 | Waycross........... 2. 28 
32.9 | | —22 § 0.86 | —0.74 | Walllace............. 3.29 | Glenns Ferry........} 0.00 
37.2 | —3.0 | Mascoutah.......... 79 eee -12] 19 || 4.34] +1.32 | Pontiac............. 6.08 | Waukegan.......... 1,77 
78 19 || 3.81 | +0.08 | Vincennes........... 5.74 | Winkting. 1.07 
29.4 | —3.9 | Thurman........... 78 —22| 19 || 2.87 | +1.10 | Sigourney........... 5.08 | West Bend.......... 0.71 
40.8 —3.0 | Medicine Lodge..... 83 | 10 1.54 —0.11 | Walnut............. 5.48 0.02 
45.6 | —0.4 Williamsburg. ...... 80 | 3 | Blandville...........) 8 19 || 5.27 | +0.61 | Hopkinsville........ 6.03 | 2.70 
58.6 | —2.4 | Stables.............. 16| 20 || 6.34 | +1.83 | Alexandria.......... 11.89 | Morgan City... .....} 3.48 
-| 43.4 | +1.4 | Frederick, Md....... 82 23 | Oakland, Md... —6 9 || 4.40 | +0.75 | Crisfield, Md........ 7.28 | Cumberland, Md. 1.69 
23.6 | —5.6 | 2stations............ —38 19 || 2.98 | +0.94 | Manistee............ 5.90 | Mancelona.......... 1,20 
17.9 | —8.2 | 3stations............ 66 | 21) Meadowlands....... —40| 19 || 0.77 | —0.45 | Chatfield............ 2.72 | 2stations............| 0.05 
Mississippi............| 54.8 | —2.5 | 2stations............ 87 a2 7 Seeeeees............ 15 19 |i 7.44 | +1.73 | Fayette............. 15.72 | Bay St. Louis....... 3.67 
__)*  eeegee 40.4 | —3.1 | Conception (2)...... 83 2} Grant City.......... —11 19 |} 4.12 | +1.00 | Poplar Bluff........ 8.30 | Edgerton............ 1.57 
1 45.3 | 73 30 | Hebgen Dam......../—32 4 |] 0.64 | —0.25 | Heron............... 3.12 | Three Forks.........| T. 
33.2 | —2.4 | Culbertson.......... 81 1 —14 1.96) Drexel. ............. 4.70 | Mitchell............. 0. 14 
a | 40.1 | —1.9 Las Vegas........... 85 31 | San Jacinto......... —2 4 || 0.24 | —0.64 | Lamoille............ 0.99 | 6stations............ 0.00 
New England.........| 26.4 | —3.7 | Voluntown, Conn...) 75 23 | Pittsburg, N.H..... —36 9 || 2.98 | —0.72 | Nantucket, Mass....| 6.46 | Bennington, Vt..... 1.03 
New Jersey........... | 38.0 | —0.7 | Bridgeton........... 81) 23) Layton............. —3| 9 || 4.09 +0.16 | Cape May City...... 6.73 | Sussex.............. 2.13 
New Mexico.......... | 39.6 | —3.5 | Carlsbad............ 82 25 | Red River Canyon. .|—14 16 || 0.87 | —0.01 | Aspen Grove Ranch.! 2.80 | 2stations............ 0.00 
et be, | 28.4 | —3.1 | Flushing............ 78 23 | Indian Lake........ —30 9 || 2.42 | —0.38 | North Lake......... 5.85 | Lauterbrunnen...... 0.61 
North Carolina ....... | 51.2 | +1.3 | 2stations............ 86 5] 20 || 5.27 | +1.09 | Andrews............ 8.60 | Belhaven........... 2. 51 
North Dakota........ | 18.3 | —4.3 | Bowman............ 65 | %1 | Willow City......... —35 | 18 || 0.41 | —0.42 | Hansboro........... 1,68 | Cargom..........c.%5 T. 
ne ere ee _ 37.7 | —1.6 | 2stations.... a] oe 3 | Madison.............] —2 8 || 3.00 | —0.42 | Wilmington......... 5.92 | Canton.............. 1.62 
Oklahoma............ | 48.2 | —3.8 | 2stations........... 82 | 3] 218 || 2.40) +0.43 5.80 | Hooker.............. 0.39 
| 42.0 0.0 2stations............ 87 —8 4} 1.95 | —1 Government Camp..| 12.36 | Milton.............. 0.00 
Pennsylvania......... | 37.0 | —0.3 | 3stations............ 80 23 | Saegerstown.........| —8 8 || 2.49 | —0.95 | Phoenixville........ 5.21 | Lawrenceville....... 0.70 
| 73.2 | —0.7 | Mayaguez........... 92 31 46 | } 6.00 | 2stations........... 0.00 
South Carolina....... | 56.2 | +1.2 | Georgetown......... 5 | Walhalla............ 17 20 || 5.14 | +1.16 | Greenwood.......... 7.85 | Charleston .......... 2. 38 
South Dakota........ | | 76 —25 18 || 0.66 | —0.34 | Deadwood.......... 3.30 | 2stations............ 
Tennessee... .......... | 48.8 | —0.9 | 2stations............ 81 | 24 | Crossville..... 9] 7.80 | 42.25 | 10.55 | Copperhill........... 4,24 
| 54.8 | —4.1 | Mission.............. 4 18 || 3.02 | +1.04 | Matagorda.......... 11.20 | 0.19 
34.1} Bt. Genre... 78 1.06 | —0.34 | Silver Lake......... 5.25 | Wendover...........! 0.00 
ce eee | 46.7 | +1.3 | Diamond Springs...| 85 | 213 | Burkes Garden | 5 20 || 5.05 | +1.23 | Stuart............... 9.42 | Mount Weather..... 1, 43 
Washington . .. 40.9 | —0.1 | Mottinger........... 86 | 29 | Snyders Ranch...... 3 |] 1.99 | —0.90 | Quiniault........... 9.98 | 3stations............ 0.00 
West Virginia........ 41.7 | —0.8 | Moorefield ----| 82] 212 Cheat Bridge........| —4 9 || 3.23 | —0.61 | Pickens............. 5.50 | Upper Tract........ 0. 88 
Wisconsin ............ (21.5 | —7.5 2 65 2 | Long Lake.......... —37 19 |} 2.32 | +0.67 | Fond du Lac........ 0.67 
25.1 | —5.4 72 —36 18 || 1.18 | +0.14 | Hunter’s Station....| 4.39 | Lovell............... 0.11 


1 For description of tables and charts, see REVIEW, July, 1922, pp. 384-385. 2 Other dates also. 
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TaBLe 1.—Climatological data for Weather Bureau stations, March, 1923. 


Elevation of | 
instruments. Pressure Temperature of the air. iS Precipitation Wind. g 5 
2 8 2 Bs & ig ; | € =& velocity. 
2 3 ; b| = 
Ft. | Ft.| Ft.| In. | In. | In. |°F.| °F °F) op In Miles. (0-10 In. | In. 
New England 28.0) —3.7 | 5.6 
Eastport.............. 67) 85) 20.83! 29.992) —.01 | 
Portland, Me.......... 103) 82) 117) 29.85) 29.98) +..02| 28.5) —5.3) 62) 23, 35) 20) 18) 14) 7,275| w 42) nw. | 28) 11] 7| 13) 5.6] 19.7/13.3 
70 29.65) 29.98] —.92| 27.1 —3.7) 38) —4! 29] 18) 37 1.42, 4,898 nw. | 34) w. 28) 13] 10 4.8 12.4) 0.7 
Burlington............ 404) 11) 48) 29.52) 29,98) —.02| 22.0) —5.3) 55) 23; 32\-10| 9] 12) 1.79} 1810, 026) s. 66) s. 7] & 16 7.0) 18.0) 4.2 
Northfield............. 876| 12 29.00} 29.99/ —.01) 21.4] —4.8) 58) 16 34/16, 9 8 44/19, 14 1.84) 14] 6,918) s. 38) se. | 16) 5| 16 6.7/ 19.911.7 
125| 115) 188) 29.83) 29.97; 33.9) —1.7) 67, 42) 98] 90] 2.40) 11| 9.310) w 49| w. 28} 11] 10 10.6] 0.0 
Nantucket. ........... 12) 14 29.97) 29.98) 32.9) —4.1] 50| 16) 40 26) 97 31| 27 6.44 42.5 15/13, 345 sw 56) sw. 16) 13} 5) 13 5.5! 7.0) 0.0 
Block Island.......... 26) 11) 46; 29.96) 29.99] +.01) 32.6) —2.8) 52) 23) 30) 201 27, On| 97 4.62 4.0.9) 13/15,887) sw nw. 7| 13} 6) 12 5.1) 3.2) 0.0 
Providence............ 160) 215) 251) 29.82) 30.00) +.02| 33.1] —2.6) 69) 23/ 42) 20) 25; 30, 99] 23 —-1.5| 15/11.939| nw. | 62\ nw. | 19, 12] 10 5.1, 2.6) 0.0 
Hartford 159) 122) 140) 29. 83) 30.01) +.02) 33.0) —2.0) 66) 23) 42) 29) 241 90) 22 12] 7.397 nw. | 35 w. | 12] 5.4) 3.8) 0.0 
ew Haven........... 106) 74) 153) 29.90) 30.03) +.04) 33.8) —2.0) 71) 23/ 42) 26; 30} 24 4.04/ 10] 7,856 nw. | nw. | 28) 16] 5 10, 4.5) 6.0) 0.0 
Middle Atlantic States. 40.8 +0.4 69} 3.901 40.3 5.4 
97) 115, 29.91) 30.02) +.02) 29.6, —3.1) 61) 23) 39) 0) 29) 20 7 5) 12) 5.1) 5.8) T. 
Binghamton 871) 10) 8&4) 29.03) 29.98) —.04) 31.7, —0.3 59) 4/41) 28) 22 is 16 13) 13) 6.8 75 T. 
New York......... -| 314) 414) 454) 29.68) 30.03) +.03/ 37.0) —0.7| 73) 23) 46, 10) 28] 96) 9116,369 nw. | nw. | 19° & 12/11 5.9 6.2) 0.0 
Harrisburg. ...... 374) 94) 104) 29.65) 30.06) +.03) 38.4) +0.6) 71) 4) 48, 14) 29) 20, 34, 33, 1.831 —1.3| 6,263 nw. | 40/nw.| 11/ 5.7) 4.4) 0.0 
Philadelphia 114) 123) 190) 29.93) 30.06| +.04) 41.2) +0.4) 23, 51) 14) 29) 32, 33) 361 64) 3.58 +0.1| 9,037) nw. | 38) nw 19] 13) 10) 5.3) 3.2) 0.0 
Reading............... 325, 81) 98) 29.68) 30.04)... 74) 23, 48, 29) 30) 32) 34 28] 3.58) 6,159| nw. | nw. | 19] 15| 7) 9| 4.5) 0.0 
Seranton.............. 805) 111) 119) 29.14) 30.03) +.01) 34.2) —0.7) 62; 43, 29) 30, 261 75, 1.85] 6,766) s. | w 28) 14| 12\ 6.6, 5.8) 0.0 
Atlantic City.......... 52) 37) 172) 29.99) 30.05) +.03) 39.6) +1.0) 73) 3) 47) 29| 36; 6.31/ 11/15,714/ nw. | nw 9} 8| 4.5) 0.0 
Cape May............. 18) 13) 49) 30.06) 30.08) +.07| 40.7, —0.1| 3) 48, 18) 34) 331 6.731 43.0| 14] 6,816 nw. | 42\ nw. | 31/17, 6| & 4.2) 7.5 0.0 
Sandy Hook.......... 22) 10) 55) 30.01) 30.03)...... 23; 44) 13) 29) 20) 33) 29) 79] 3.58 11/12;722] nw. | 73! s 11) 9} 5.8) 4.6) 0.0 
159| 183) 29.83) 30.04)... 76| 48 11) 29] 29) 31) 33 27) 67) 3.70) nw. | 58] s 16} 9| 11) 11) 4.8) 0.0 
Baltimore..... 123 100) 113) 29.92) 30.06) +.03) 44.5| +2.2| 4) 55, 18) 34) 37, 37) 30, 4.12 40,9] 10] 5,362 sw. | 25 sw. | 4/17) 5| 9 4.5. 6.2\ 0.0 
Washington........... 112) 62) 85) 29.94) 30.06, +.02) 45.4) +2.8) 80) 4) 57) 18 20) 34, 38) 38° 201 4.47 40.6 10] 6,785! nw. | 36) n 31| 14) 7| 10) 4.8) 6.5) 0.0 
681) 153) 188) 29.32) 30.07; +.02) 47.9) +0.6) 78 3! 60! 19) 49 40) 33, 62) 5.91) 9 7,712 sw 40| nw 19| 16) 8 4.5) 0.0; 0.0 
91) 170) 205) 29.98) 30.09) +. 06 49.6) +1.4] 80) 23] 60 24) 20) 39) 44) 38° 69! 5.19] 40,91 101117518] sw. | 56 w 13) 11| 10) 10, 5.3) T. | 0.0 
144) 11) 52) 29.92) 30.08) +.04) 48.0) +1.1] 23 22) 20; 38} 42) 41) 35) 5.88} 42.9) 12) 8,153] sw. | sw 17| 7| 4.0) 0.0) 0.0 
ytheville............ 2,304) 49) 55) 27.66) 30.08, +.03| 43.3) +1.0) 72) 12) 54 13, 20) 32, 35, 37, 67; 3.03, 41.4, 6,379 w. | 43 w 16, 6| 9 4.2 T. | 0.0 
South Atlantic States. 56.1) +2.1 72\ 3.36 —0.6 5.2 
2,255] 70) 84) 27.71| 30.10) +.04) 47.0) +2.1] 78 12) 58 13) 20) 36 11| 8 9| 10| T. | 0.0 
Charlotte... "779| 62, 29.24! 30.09) +.04| 52.6, 42.2 78 231 62, 231 201 43 sw. | ow. | 231 42 
11) 12) 53) 30.08) 30.09) +.05) 53.3) +1.3) 71) 22) 32] 20) 46) 28) 50| 80| 3.42) 11/11/455| sw. | 66) w 7| 10| 11) 10) 5.4) 0.0) 0.0 
aleigh............... 376) 103) 110) 29.68) 30.09) +.04) 51.6) +1.2) 90) 23, 62) 22) 201 41) 3.67; —0.6| 11) 7,329] sw. | 37) sw. | 16) 12| 10) 9) 5.0) 0.0) 0.0 
Wilmington........... 78, 81) 91) 30.03) 30.11) +.06| 57.0; +3.7| 80, 5 66) 20] 20 48) 33, 511 47, 4.00 +0.5| 10) 7,207] sw. | 38) sw. 7| 14) 7| 10| 4.5) 0.0) 0.0 
48, 11) 92) 30.06) 30.11) +.05) 59.6| +2.2) 84! 5) 67) 23) 52) 54! 76 2°38] 91370\ sw. | 43] w. 6) 14) 4) 13) 5.5) 0.0) 0.0 
Columbia, C........ 351) 41) 57) 29.72) 30.11) +.05) 56.8, +2.8) 82) 23 67) 27| 34) 49! 43) 68; 3.30/ —0.4| 10] 6,337 ne. | 38) s 6) 14) 5) 12) 5.2) 0.0) 0.0 
ue West............. 711! 10) 55, 29.34) e...... 80} 23) 64) 24) 44! 33 6.34!,.....| 10] 7.378] sw. | 49 sw 6| 6] 14) 0.0 
Greenville, S.C....... 1,039) 113| 122) 28.97) 30.08)...... 53.0]...... 76| 23} 63} 22) 20) 43| 34) 45] 30) 67) 9| 7,204) sw. | 46, sw. | 23] 12; 7| 12) 5.2) 0.0) 0.0 
Augusta 180) 62) 77, 29.90) 30.10) +.04) 57.9) +1.9) 5) 68} 20) 48] 34) 48) 4.46) 12, 43681 nw. | s. 6] 12) 5.5} 0.0) 0.0 
65) 150) 194) 30.04) 30.11) +.05) 60.9] +1.9) 84) 70) 32) 52! 41) 54| 76) 2.31) 11/10/0001 s. 48| w. 6} 12) 8} 11] 5.2) 0.0) 0.0 
acksonville........... 43) 209) 245) 30.06) 30.11) +.05) 64.6) +2.0) 84) 12) 34] 20) 56] 58) 55| 79) 1.15) 11) 9,922| sw. | 54) sw. | 6) 12,10 4.7) 0.0 0.0 
Florida Peninsula. 73.1) +2.8 75| 0.68) —1.6 3.3 
Key West............. 22) 10) 64) 30.05) 30.07) +.02! 76.2) +3.6) 85; 13, 81! 4 4) 8,595 25) 5| 0.0) 0.0 
25, 79| 30.08) 30.11|...... 73.8| 79) 21 601 6/9031 se. | dele. | 10 18 10 33.7) 0.0 0.0 
Sand 23) 72! 30.05) 30.08) 74.9/...... 82| 20| 76) 1/72} 10 69] 66| 76 0.36)......| 5/11,510| se. | 34) se. | 15| 24 7} 0, 2.4 0.0] 0.0 
35; 79) 87) 30.06) 30.10| +.03) 69.3} +3.0| 87| 21) 78) 48) 9| 30) 62) 58] 75| 1.08) 21.7, 5) e. 23; sw. | 19) 11) 14) 6| 4.6) 0.0) 0.0 
East Gulf States. 56.8) —0.5 73} 6.00| +0.2 5.7 
1,174 199 216) 28.85) 30.10) +.04) 52.1) +0.1] 75) 62) 17, 20) 42 13/10 15| 5.8| 0.0, 0.0 
"370| 87) 29.71) 30.12) 4.06) 57.2] 42.4) 23] 68 20 47| al dol 4g 6.33 70.8, 13) 9.738 aw. | | ‘el 0.0) 0.0 
Thomasville.......... 273) 49) 58) 29.81) 30.11) +.05) 61.0; +0.8 81 26 71) 51) 52 5.23) +0.1| 12) 4,408) sw 32) sw 6} 8 6.7) 0.0) 0.0 
Apalachicola.......... 36} 42) 30.97) 30.11)...... 76) 26| 68} 33] 20) 55| 331 57] 54 2.37|......| 7,055) s. | 30/nw. | 13) 8 10; 4.7| 0.0) 0.0 
ensacola............. 149) 185) 30.05) 30.11) 4.05] 59.3) —1.0) 76) 27) 30| 20] 53; 53 4.99} 080) s. 46, sw. | 6) 10! 7| 14) 5.8! 0.0) 0.0 
9) 57; 29.33) 30.13) +.07, 53.0] +0.5) 80| 12) 65 20] 41) 36 5.25, —0.5| 15| 5,573] nw. sw. | 12) 9 11) 11) 5.3) T. | 0.0 
Birmingham.......... 700) 11) 48) 29.36) 30.14) +.08) 54.0) —1.2) 81) 12) 65| 21| 20) 43) 34) 45) 62) 5.15) —0.6| 6.8071 n. s 11) 12} 7| 12| 5.2] T. | 0.0 
57| 125] 161) 30.04) 30.10, +.04| 58.8) —1.2! 79] 23) 67) 30, 20, 53, 49 6.09] —1.1} 8,811} s. | 39 sw. | 8 9 14) 6.1) 0.0) 0.0 
Montgomery.......... 223) 100) 112) 29. 87) 30.13) +.07| 57.0] —0.8| 81, 22) 67; 25) 201 47| 33) 50 | 44 7.27| 40.9} 5,677| n 36) sw 6| 8| 12) 0.0) 0.0 
Corinth O20)... |... 51.8)...... 78| 4| 64| 19] 40) ...| 9 0.0) 9.0 
Meridian 375! 85) 93! 29.70) 30.11) +.06| 55.2; —1.1) 83) 4) 66) 25) 35) 48) 42 8.46] +2.8| 14) 5,328) ne. | 31] w 6] 10) 8 13) 5.5} 0.0) 0.0 
Vicksburg 247) 65) 73) 29.83) 30.12) +.08, 56.0) —2.5| 82) 4) 24] 191.47 44 7.48] 41.2} 12] 6,494! se. | 38| w 11} 9 166.1) 0.0 0.0 
_ 76, 84) 30.04) 30.09) +.05| 61.6) —1.2| 82) 33) 28] 55! 51 4.56) —0.7| 6,492) ne. | 32] sw 8| 16| 6.3) 0.0! 0.0 
West Gulf States. 54.7| —3.3 3.28) 40.2 4 5.4 a 
Shreveport............ 
ort Smith... 29.56 30.05) +.04) 48.7| —2.6, 75| 10! 191 38] 331 42) 2.12; —1.5| 7,818) e. 57] sw. | ii) 10! 15) 5.9] T. | 0.0 
Little Rock 29.68 30.06! +.03) 49.6) —3.4) 74) 3) 14] 39) 32 44) 38 5.00, +0.1) 8,286] s 45, sw. | 11| 12) 6, 13) 5.5} 0.01 0.0 
Brownsville. 57, 53) 61) 20.96 30.02...... 65.0)...... 84) 72) 19| 58) 50] 55 1.32......| _8| 8,563) s. s. 11} 8 15) 8 0.0, 0.0 
Corpus Christi. 20) 11) 73) 30.92 30.04) +.07] 62.6) —1.8) 87 31) 56| 32) 57) 52 2.28) 40.4} 10/11; 338) n 49| s 15, 13, 6.3} 0.0 
Dallas... 512| 109] 117, 29.52 30.07.......| 53.2)...... | 77; 3) 64) 42) 1.62|......| 10| 8,724] nw. | sw. | 11\ 11) 9 5.0 0.01 0.0 
ort 670) 106) 114) 29.33 30.05) +.07) 53.6] —3.0, 21| 65) 15) 19) 42) 44) 60} 1.52) se. | 42) sw. | 1114) 8 9 4.51 0.01 0.0 
54) 106) 114) 30.02 30.08 +.07} 59.6] —2.8 12| 65, 19| 54] 28) 56| 53 4.53; +1.6| 11/10,023| se. | 39/nw. | 18 12) 13) 0.0 
roesbeck............. 461) 11 29.56, 30.05|......| 53.6/...... | 77| 63| 191 441 3.70|......| 10111,225|s. | 50\ sw. | 11 11| 5.01 0.0 
Houston 138| 111} 121) 29.91, 30.06..._.. 59.8] —3.7| 83| 22) 24) 20| 51/ 11| 7,792) se. | nw. | 15, 11) 6 T. | 0.0 
alestine.... 64} 72) 29.54 30.08) +.08) 54.2] —4.9 76, 3) 64| 20) 19] 45| 38) 48 42| 67) 4.12) 40.61 12] 77846) s 36} sw. | 11 8 14) 5.6) 0.0 0.0 
Port Arthur... 30.02 | 81] 12 66) 28 20) 52] 27) 54) 50 5.97|......| 11| 8,589] se. | 381 sw. | 11) 10! 8 0.01 0.0 
Antonio « 701| 119| 132| 29.31 30.04) +. 06) 58.6) —3.5 21, 69| 28 19) 48| 37 42 3.07; +1.4| 7,765, ne. | 48) nw. | 15 13) 6 12\ 5.2) 0.01 0.0 
55! 63! 29.46) 30.07 +.08) 55.4! —4.3 21' 23 44! 3.231 40.6) 78,5271 n. | 44) sw. | 11 9 9 13) 5.5) 0.01 0.0 
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TaBLe 1.—Climatological data for Weather Burcau stations, March, 1923—Continued. 


Elevation of 
Pressure. Temperature of the air. 
‘ is Be os 
Ohio Valley and | Ft. Ft. Ft.| In. | In. | In °F. °F) PF. 
Tennessee. —1.0 
Chattanooga.......... 762) 189 213) 29.30, 39.12) +.03) 51.4] +0.2) 89, 12, 62) 18, 2) 
996, 102) 111) 29.03, 30.1¢) +. 04) 49.0) 40.3) 78) 12 60) 16) 20 
399) 76) 97) 29.66 30.10; +.0°| 49.8] +2. 5] 73) 22) 59) 14) 19 
Nashville............. 545) 168) 191) 29.52, 39.12) +.07| 47.6) —1.6] 74) 3 59] 13) 19 
Lexington............ 989) 193) 239) 29.09, 30.1") +.05) 42.6) —0.8] 71! 3 54) 14] 29 
| 219) 255| 29.59) 39.10) 4.05) 43.4] —2.0] 71) 3. 51 12, 19 
Evansville............ | 431) 139) 175) 3). 1°) +.0°) 43.0) —1.6| 70) 3) 53) 10) 19 
Indianapolis..........| 22} 194] 23°| 29.15, 30.0°| +.92| 38.2! —1.8] 481 
Royal Center.......... | 733} 11! 55] 29.21) 30.03) ..... 63) 2 44| 4) 19 
Terre Haute.......... | 96) 129) 29.43) 39.06)... ..| -| 70} 2) 59) 5) 19 
Cincinnati............ 628 11) 51) 29.38, 30.08) +.03) 40.4) —0.5] 68 3 51) 14) 31 
824) 222) 29.16) 30.05) +.02 37.8) —1.3/ 65) 4) 48, 9) 31 
181) 29.08) 39.0F] 38.4) —1.9] 65) 2 49) 12) 31 
1,947) 58) 67) 27.97) 30.08) +.03) 39.5] +0.4) 74) 12 53| 10, 29 
Parkersburg. ..-......- | 638) 77) 84) 29.41) 39.08) +.03) 42.1) —0.2) 73) 12; 54) 14) 31] 
Pittsburgh............ | 842) 353) 410) 29.12, 30.05) +.01) 38.6) —1.0| 71) 12 49) 11) 31 
Lower Lake Region. | | 30.8! —2.2 
247) 280, 29. 14) 29.99, —.02) 29.2) —1.9| 56) 4 38 5 29 
448, 10) 61) 29.45) 29.95)...... | 20.6) —7.1) 54) 16 31/21) 
76} 91......| 30.00) —.02| 27.8) —3.4) 56) 23) 36) 29) 
523, 86) 102) 29.42) 30.01; —.01) 30.0) —1.8) 60) 16 39, 5) 28) 
597, 97| 113) 29.33) 29.99, —.03) 29.2! —2.2| 60| 23, 38) 29 
714) 130) 166) 29.22) 30.01] —:01| 33.4] —0. 1] 62) 4) 43) 29 
Cleveland............. 762) 190) 201! 29.18) 30.03} 34.8) +0.2] 63} 4) 44) 11) 31 
62; 70) 29.31) 30.01) —. 02} 35.0] —0. 1) 62} 2 44 11) 31 
628, 208) 243) 29.33) 30.03; .00} 33.8! —1.5] 60] 2) 43) 7) 31 
Fort Wayne...........| 856) 113] 124] 29.09] 30.04)... 33.9| —5.0| 63| 2) 
218, 258) 29. 20; 30.02} —. 01) 31.6] —1.8) 58 3 6) 19 
Upper Lake Region. | | .6) —5.4 
| } 
609 13, 92) 29.30) 30.00) —.03) 19.4) —6.1) 46) 22 29 26 
612 54 29.32) 30.02) —. 02) 17.8] —5.7| 41] 2) 19 
Grand Haven......... | 632 54) 39) | 30.00, —. 03) 27.6] —4.1] 49! 2 35 0) 19) 
Grand Rapids. | 707, 70; 30.01] —.02| 28. 7| —4.3| 57| 37) 0| 19) 
Houghton............. | €84 62 99) | 30.02) —.02| 15.2) —8.6) 46) 2 24 —13) 26) 
878 11 62) | 20.99)....... 4) —2.9) 56) 2 38 —1/ 19) 
60 66) 49| 2 32; 2) 26) 
Marquette............. 734 77, 111) 30.04; . 00) 17.8) —5.9) 54) 2) 26, —7 
638, 70, 120) 29.28) 30.00! —.03] 28.8) —1.6) 55| 37) 5 31 
Saginaw.............. 641 69 77, 29.29) 30.01)...... 54| 2 34 —1) 19 
Sault Sainte Marie....| 614 11) 52 30.03; 13.8) —7.5| 42) 2) 24-15 20, 
823, 149 310, 30.03 33.0) —3.3) 65, 2! 41 19 
Green Bay 30.00; —. 04) —4.7) 52, 2) 30; —5) 19) 
Milwaukee 30.01; —.02 —4.9} 61 2| 35) 19) 
30.05, —.01 —10.2} 48 1) 23\—15) 19 
North Dakota. 17.8 —4.3) | 
50; 58, 29.03) 30.09 +.01] 17.3, —5.4) 47. 27/19) 18) 
1,674 57) 28.25) 30.11) +.05] 21.4) —2.8) 54 1] 32\-16| 18) 11 
Devils Lake........... 1,482, 11) 44) 28.43) 30.09) +.04) 12.4) —6.1| 40 1) 23/—23) 18) 
Ellendale.............. i,457, 10, 56) 28.46) 30.08)...... 51) 1) 31\-18 18 
Grand Forks.......... 835) 12; 46, 26 24,20, 18) 4 
1, 878) 48) 28.00) 30.06) +.02 —2.9) 54 1) 31)—15) 18 
| | 
| —4.4 | 
| 
918) 102) 208) 29.02) 30.04)......] 21.4)...... 56) 1) 31) —8 18 
837) 236) 261) 29.11) 30.05). 00 —8.1| 56) 31] —9| 19 
714, 11 48) 29.23! 30.03) —.01 —7.3} 65| 2| 19 
974| 70) 78) 28.95) 30.05) +.01 —5.9| 60} 2) 33) —8! 19 
; 1,247| 4)....| 28.62) 30.02|......| 19.6'...... 53} 30/111 5 
Charles City........... 1,015, 10, 49) 28.93) 30.05) —4.3] 66) 2) 34/—14) 19 
Davenport. ........... 606; 71) 79) 29.36! 30.05) +.02 —4. 5} 67 2) 41;—10) 19 
Des Moines............ 861, 84 29.10) 30.04 .00 —4.4] 75) 2) 41/—10) 19 
Dubuque.............. 698) 81) 96} 29.28) 30.06) +.02 —6. 4] 66) 2) 36) —7| 19 
614) 64 78) 29.37) 30.06) +.0: —2.9] 71] 2} 46) —4) 19 
358) 87) 921 29.70) 30.09) +.05 —2.5} 70) 22) 54) 9} 19 
699; 11) 45) 29.38) 30.06) +.03 —2.8] 70) 2| 44) 19 
Springfield, Ill........ 644) 10) 91) 29.385) 30.04) +.01 —2.8| 74] 2! 48] 19 
53%) 74) 109) 29.46) 30.05) +.03 —3.2| 71; 2) 48 19 
567) 265) 303) 29. 43) 30.05) +. 02 —2.4] 52| 19 
Missouri Valley. —2.3 
Columbia,Mo......... 781) 11 84 29.19) 30.05) +.02 —1.9] 73) 2) 51) 19 
Kansas City... . 3} 161 28.98 20. +. —1.4] 78) 50} 0} 18 
St. Joseph....... 967! 11) 49) 28.97) 30.03)...... 76| 2| 48) —2) 18 
Springfield, Mo. 1,324 98, 104) 28.62) 30.05) +. 03) —1.9} 2) 53) 21 19 
984] 11] 50) 28.98 30. +. 04, —0.7} 78, 54) 19 
| 987] 92) bate: —1.5} 2) 52) —2| 18 
299) 10! 54 28.61) 30.04)...... | 30.8)...... 75) 1) 41) 19 
Lincoln.............../1, 189] 11) 84! 28.75] 30. 06| +. 04 —2.2) 78} 1] 44) —7/ 18 
1,105) 115 122 28.84) 30.06) +. 02 —4.3) 78) 1] 43) —8) 18 
, 2,598 47 54 27.26) 30.06) +. 03, —2.4) 66) 43|—10) 18 
ees City. 1,135) G4 164 28.82) 30.08) +.03 —3.5) 74) 1) 39) 18) 
1,306 59 74 28.66) 30.11) +.05 —2.3) 65) 1) 38)/—13) 18, 1 
Pierre. .... 1,572) 70 75 28.36) 30°08) +.03 —2.1' 68) 41/—11] 18) 18 
, 233) 49) 57, 28.71) 30.08, +.03 —3.2, 73} 1] 41) —8} 18 


dew point. 


range. 


Greatest daily 
temperature of the 


hy | Mean wet thermometer. 
Mean relative humidity. 


Marcu, 1923 
Precipitation. Wind. 
|2 la! 8 | 3 
In. | In. 0-10' In. | In, 
4.48, +0.1 5.8 
6.69) +0.5 nw 62) s. 12) 11) 10) 10; 5.2) T. | 9.0 
7.82, +2.2 sw. | 58| sw. | 12| 3) 19) 6.5, T. | 0.0 
7.03) +1.3 56, sw. | 11,10 7| 145.8 T. 0.0 
7.69) +2.2 nw. | 72) sw. | 11) 12) 5 14 5.3) T. | 0.0 
4.65) —0.1 sw. | 63) sw. | 11) 8 12 5.4) 0.1 0.0 
418, —0.1 66, sw. | 12) 11 10 10) 5.2) T. 0.0 
2.48) —2.1 sw. | 60) sw. | 11) 8 16) 7 5.4] T. 0.0 
4.41) +0.4 nw 60) sw 12; 166.4) 1.1) T. 
sw. | w. 4 13) 12 6.2) 7.5, .00 
5.05)...... nw. | 55 sw. | 12) 15) 7| 5.6, 0.2, 0.0 
3. 50| —0.1 sw 48) sw. | 12) 10) 9 12) 5.5) 1.0) 0.0 
3.04, —0.2 nw. | 60) w. 4) 7) 15] 9 5.9 3.5, 0.0 
2.42) —1.0 sw. | 66) w. 12; 9) 12) 10) 5.5) 2.0 0.0 
3.32) —0.8 41) sw. | 12) 9) 14) 6.1) 2.8 0.0 
3.35) —0.5 w. 412) 12 5.3) 0.1 9.0 
2.15, —0.9 nw. | 70| w 4, 3) 11 17) 7.4 0.0 
2.31) 0.3 | 6.6 
| 
1.70 —0.9 84 w. | 4 2 13] 16 7.3) 10.5 0.6 
2.07; —0.8 59 sw. | 16 13) 6 12 5.3 17.4 4.4 
1.84 —1.0 nw. | 44 sw. | 16) 4 8 19)....| 17.8 2.0 
2.71) —0.2 54 w. 16 4 9 18 7.3 183 4.0 
2.91) +0.5 nw. | 65 s. 16 3 11) 17 7.2 14.7 1.0 
1.89 —0.8 59 Ww 4 6, 13| 12 6.2, 7.8 0.0 
1.89 —0.9) nw. | 52s 16) 5) 7; 19 7.3, 6.1 T. 
2.22) —0.3 sw 38, sw 12, 4 14 13 6.7) 5.2) 0.0 
3.13, +0.8 sw. | 73 sw. | 12 10 12 95.5) 5.5, 0.0 
sw. | 56 sw. | 12, 7 10 14 6.5, 6.3 0.0 
2.78 +0. 4 nw. | 70 sw. | 12 9 7,156.3 47 0.0 
| | | 
2.70 +0.4 | | 6.3 | 
+1.0 nw. | 48 nw. | 10 8 13) 5.8 28.8 5.7 
2.56 +0.6 nw. | 48 n 12,17) 4 10 4.6 26.7 15.5 
2.88, +0.4 nw. | 56 W 16 5 6 20 7.3 11.8 0.2 
2.36 —0.2, . | Biw 28, 5 10 16 6.8, 9.6 0.0 
2.36, +0. 3, . | Ow 9 4) 9 18 7.0 24.5148 
3.04 +0.8 nw. | 34 sw 12 7| 7 17] 6.6 12.7) T. 
41 nw. | 28 7) 6 18 6.8 23.6 2.6 
3. 24) +1. 2) nw. | 2s 9 6) 4 7.2) 32.4/17.5 
2.05 —0. 4) nw. | 46 w 7) 12| 12\ 6.1) 6.5) T. 
1.96, —0.7) nw. | 36 se 12,10, 6, 15, 6.4) 9.3) 
2.58 nw. | 54) mw. | 27) 7) 8 16 6.5| 27.1 25.3 
3.05) +0. 5) nw. | 60 ne. 11) 10) & 13) 5.7) 5.3, 0.0 
2.93) +0.5 60 n. 12) 9 10 12 6.0 32.1 6.5 
4.42, 46 ne. | 12 8 11 12, 6.0 35.8 0.4 
et —0.3 nw. | 55) nw. | 30) 9 9 13) 5.8) 15.7) 7.5 
0.44 —0.5 | | 6.9 | 
0.29 —0.8 33) n. 29) 5 5) 217.4 4.4 T. 
0.28) —0.8 3 nw. | 36 nw. | 23 8 9 146.0 3.4 0.0 
0.76 —0.2 nw. 44 me. | 17) 5, 8 18 6.7 11.8 2.0 
nw. | 56, n 17) 4 13 147.0 2.9 0.0 
0.65) nw. | 40 nw 26, 8 7) 16)....) 6.5 5.5 
0. 44) —0.2 nw. | 35) ne 16 4, 7 20, 7.3) 6.3 0.0 
| 
3.61) +1.2 5.6 | 
1.17) —0.5 nw. | 30, 5) 13) 13 6.6 11.8 T. 
1.33) —0.3 nw. | 48 nw. | 29 8 13) 10) 5.4) 14.1 T. 
2.63) +1.0 nw. | 21] w. 23) 10, 5 16) 6.2) 26.1 0.0 
4.14 nw. | 42, n. 12) 8 10 13, 5.9 284 1.8 
2.66) +0.7 nw. | 27| n. 10) 7| 14) 5.6) 21.7) 0.0 
5.05) +2.8 nw. | ne. | 11) 11) & 12) 5.7 24. 8) 
4.34, 42.7 32) sw. | 17) 7, 15) 9) 5.8} 25.3) 0.0 
2.93) +0.7 nw 28) n. 18} 5) 17) 6.4) 20.8 0.6 
3.54) 41.2 nw 37| w. 4, 12) 7 12) 5.3 0.0 
5.00) +1.0 48) sw. 12) 7 13) 11) 5.9) T. | 0.0 
4.08) +1.1 nw ne. 11} 17; 13) 4.9] 3.7) 0.0 
5. 23) +2.2 sw. | 12) 13) 6] 12 4.9 1.3 0.0 
+1.5 nw. | 40 sw. | 3) 14) 5] 12 5.0) 1.2 0.0 
4. 26) +0.8 64) sw. | 11] 12) 9} 10) 5.0) 0.1) 0.0 
2.15) +0.2 5.4 | 
3.61) +0.6 35| mw. | 15) 15) 2) 14) 5.1) 0.8 0.0 
3.35) +0.5 w. | 49} nw. | 15] 13) 7] 11) 5.1) 2.7) 0.0 
w. | 39, w. 3/17) 3) 11) 4.7) 5.0 0.0 
2.40) —1.7 . | 46! w. 12 14, 5] 12) 4.9) 0.1) 0.0 
3.69) +1.3 31) n. 15 10, 9} 12) 5.6 1.4) 0.0 
2.19} —0.1 46 w. 3 14) 4) 13) 4.8) 3.3) 0.0 
4.70); cc... 37| s. 19 15 19) 6.1) 28.0 0.0 
2.26, +0.9 46, n. 17, 11) 9 11) 5.6) 16.4) 0.0 
3.95) +2.6 nw. | 48) nw. | 17) 9] 14) 8 5.3) 28.8 0.0 
0.69) —0.5 nw. | 39 ne. | 17) 10) 13 5.2 10.8 0.0 
1.74 +0.5 43! n. 17| 14) 10) 6.2) 16.3) 0.0 
0.25) —0.7 nw. | 42 n. 17, 13, 10; 8 4.5) 2.5) 0.0 
0.68 —0.6 nw. | 46) n. 17; 7 16) 6.4 6.4 0.0 
0.95. —0.2 nw. | 32 nw. | 17, 8 16) 6.41 8.6 0.0 


( 


|_| 
I 
°F. 
33) 
37; 42) 35) 64 
38) 43, 37| 
38) 42° 35) 69) 
| 
39} 29) “60! 
45| 31] 67] 
45| 28] 70} 
- 47; 34) 29) 
37|....| 77 
37| 32) 
35| 33) 27/69) 
38} 33 29) 66 
40) 33) 27| 68 | 
39) 26 74 
37; 25; 67 
42| 28 22, 69 
30| 24) 70, 
3829) 23 69) 
41, 30) 25 73) 
3827) 3, 
| | 
37 18 15, 82| 
31, 16 13 
31, 25, 22) 
31; 21| 75) 
35) 25) 21) 78) 
30, 22, 19) 82 
14 83 
30} 21| 
33) 24] 81 
26, 12) 10) 86) 
36] 29) 22) 66 
| 31) 19) 16 79 
37) 24) 19, 7B 
| 35] 11] 8) 84 
| 43) 15, 10, 76) 
43) 18| 14) 74! 
| 40) 1 85, 
| 37] 18| 13] 
| 
: 
32) 22) 18] 77} 
| 39) 27) 22) 71] 
| 42} 27| 22) 70) 
| 37) 24) 19) 71) 
| 42) 30) 24) 65) 
451 38} 31! 63) 
38 30) 77] 
a | 44] 32) 28 75) 
| 481 35) 29) 65) 
| 65. 
| 34] 26] 
| 39] 3] 67) 
38) 35) 29] 66) 
44/20) 23/72) 
47} 28} 22) 71] 
46| 68 
45| 22) 17| 73 
47) 25) 19 


jo pue 


punoz3 ao 901 pus | 


165 


MOUS [BIO], | 


| 


5.6 
4.5 


3.3 


-| 10} 12} 


‘sep Apnojg | 
Apnoyo q | 
| 
= 
3 “oy 
qod 


| 


10 


4.5) 0.0) 0.0 


12] 7 20) 8.2) 39.7) T. 


18) 10} 20 


46 e. 
30) e. 


+1.0 


79| 2.44) —2.1 


58} 0.28) —2.4 


31] 56) 2.33 


27 


RA 


1.70, —1.4] 14/13, 461| e. 


OD 


OD OD OD OD OD 


71; 68 


1 


3| 72 


68 


SERRE 


| 


°F. 


MONTHLY WEATHER REVIEW. 


30.0) —1.2 


| ‘qour 10" sheq 
SERER 
“qujod mop 
Alrep | 
3 | & 


TOK 


39.4) —3.4 
49.7; —3.5 


53.5) +1.3 
58.0) +2.4 


TABLE 1.—Climatogica! data for Weather Bureau stations, March, 1923—Continued. 


NON 
Oro 


SRESSS 


instruments. 


Elevation of 


woy ainjavdoqg| S 
‘smoy jouvor | g 
0} ‘[eae] | 
07 peonpel | 

*punoig = 
eaoge = 

*punois z 

SS=SERZERRS 


Ft. 


652 
013 
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Marcu, 1928. 


Districts and stations. 


Northern Slope. 


Billings.........-- 


Park... 


North Platte....... 


- 


ispell 
City... 
Rapid City..... 
Sheridan. 
Yellowstone 


Miles 


Flagstaff . 


Middle Plateau. 


Reno.... 


Middle Slope. 


Independence. ......--|3, 957 
Salt Lake City........ 
Grand Junction...... 


Yuma... 
Tonopah..... 
Winnemucca... . 


Oklahoma City. ..... 214 
Phoenix... 


Muskogee.....---.- 


El Paso. 


SRSSE 


_ 


87) 17) 86) 74) 23 
31 38 14) 13 28| 1 


91) 21) 89 


j 


74.2) —1.2) 86) 1) 66 20) 69 


North Pacific 
Region. 


ee 


ga: is 
Moien 
PAW A 


Yakima....... 
Medford......... 
Portland, Oreg. . 
Roseburg..... 
oint Reyes. 
Rei Blut... 
Sacramento. . 
San Francisco 
San Jose.... 


geles........... 
San Luis Obispo. ..... 


West Indies. 
San Juan, P. R... 


Fresno. 
Los An 
San Di 


9, 54) 29.98) 30.11)...... 
54] 29.9 | 29.99]...... 


so] 1 


Panama Canal. 
Balboa Heights....... 


| | | | 
‘Pressure. 
| 
0-10| In. | In. ke 
5.5, 
} 
: 
Denver. 106) 113) 24.65) 30.02) +.07 9} 6,093) s. 45] nw. | 17) 15] 7 | 25.7/ C.0 
Pueblo. 86) 25.23) 29.99] +.07 6 6,551 nw. | w. | 16, 7/19) 5) 6.9) 0.0 
50| 28.53) 30. 4| +.03 76, 2} —2| 18] 26, 51| 31 23 64| 1.32) —0.2; 8 8508s. 42 n. | 17| 15| 9 4.6) 0.0 
Dodge City. .....-----/2,509) 11) 51) 27.40} 30.06) +.99 | 78 1) 55) 2 18) 25| 64) 31) 21] 0.71) —0.2) 8] 9,616) nw. | 49) ne. 17] 14] 8| QI 3.7) 0.0 
Wichita. 358) 139) 158) 28. 55) 30.01) +.02 | 74, 2) 54) 20) 34) 24) 55) 1.70) —0.6] 612, 415) s. sw. | 11] 10| 10 0.7) 0.0 
-+-| 765] 29.22) 30.05)...... | 77} 2) 57] 9} 19] 34) 7129321 s. | 49] nw. | 15] 812] 115m T. | 0.0 
76| 2) 50) 10) 19} 36} 4.82|......|  6)......| mw. | T. 0.0 
28.75) 30.05) 58} 9| 18) 34)" 38 2.55) +0. | 2m. | 15) 10) 12 
| 54) 2.00 +1.0 | | | te 
| 10) 28.22) 30.05) +. 09] 51.2) —3.7| 79, 21) 63) 14) 191 39 39) 41 9, 456) s. | 48} w. | 14) 8] 9) 4.5) 0.9} 0.0 
| 26. 30.00, +.05| 42.8] —2.2/ 56) 30, 53 mm) 60 2.97 +2.3| 7 8 sw. | | 17 17) 64.2) 0.0 
64 29.05| 30.04) +.09] 57.9| —3.8) 80) 21 68} 28] 20, 48) 2.47; +1.3| 6) 8,033| se. | 54) w. | 11] 15) 5] 11) 4.7) 0.0 
| 75 26. 34] 29.98) +. 08) 47.01 —4.3! 75) 20) 61) 16] 19 47) 0.24) —0.41 7,851 | 46/ ne. | 17] 12, 9) 10 4.5) 0. 0.0 
| 48.2| —2.7 | | 47, 0.58| +0.1 | 
110 26.17 29.96 +.08| 51.2) —4. | 76) 25 63) 24 19 39 40 0.33} 0.0; 5 9,881 w. | 58] sw. | 14] 18) 8} 5| 3.3) 0.99 0.0 
38| 23.16, 29.97) +.08) 34.6) —5.1) 57) 45] 22) 24 34 1.28] +0.6) 8 5,260, n. | 35] sw. | 17| 10| 8| 13) 5.7) 17.9% 0.0 
10| 23.28, 29.94 +.03] 33.2} —2.7| 58] 24! 46] 4 21 41) 27/....| 64 1.59)......| 7,324] w. | 43] w. | 15] 18) 10) 3)....| T. 
28.81) 29.98 +.06| 58.9] —1.6| 84) 25| 73] 35 16 45° 42 3i| 43| 1.08) +0.6 5! 4/605) e. nw. | 14/21) 4) 0.99 0.0 
84, 29.99, +.05| 62.0) —2.1) 80] 25 77} 35 5) 47° 42} 47| 27| 33] 0.06 —0.3, 2 n. | nw. | 14] 23, 5) 3] 1.9, 0.9 0.0 
9 26.02, 30.08, +. 14] 49.4) —0.2, 72 30, 64] 20 5 34 38) 37] 0.00 —0.5} 7,457; nw. | nw. | 14] 26, 1/ 1.9) 0.8 0.0 
| 37.7| —3.4 | 51} 0.80, —0.4 4.4 
74) 25,54) 39.14) +. 16] 41.1] +0.1) 69) 55) 13, 4| 27, 40} 33] 20] 48| 0.29, —0.9| 4) 4,755, w. | 34) w. | 13/17) 9] 5| 3.3) 3.6] 0.0 
12 24.06] 39.05 .......| 38.2|......| 62) 30 49] 9) 4] 28) 98 13 0.06; —1.3| 2) 8.576] nw. | nw. | 20) 17) 8} 6) 3.8] 0.4] 0.0 
25-69 30.15, +. 14] 37.5) —2.5] 71] 30) 52} 10 4) 44) 30] 18 0.05, —0.9} 6,387) sw. | nw. | 20] 15) 8| 4.4) 0.6) 0.0 
10| 30.04) +.08) 34.8] —4. 4] 65] 30 49] —7, 5] 20, 27| 17] 54) 0.90, —0.4| 3) 8,447) w. | n. | 14] 15) 11| 5) 4.0) 7.9] 0.0 
163| 25.65] 30.09) +.11| 37.0] —4.7| 66] 31| 45] 13° 4] 29, 25] 92 1.67| —0.3| 5,919} nw. | 42, nw. | 11) 12] 5.5) 14.6) 0.0 
60| 25.36) 29.98, +.04) 38.0} —5.5| 67| 30) 50] 10| 18 26 33) 31) 29) 1.80 +1.1) 4/545] se. | 32) nw. | 11] 11) 9) 11| 5.1, 14.1] 0.0 
Northern Plateau. 40.1) —0.3 | ag 
471 | 26. 36.1) + 7 sw. | 11| 11} 11) 4.9] 3.3/9.0 
2,739 40.6) — | 5 n. | 16 11/11) 5.0 0.11 0.0 
"757 29. | 10 w. | 16, 8| 7| 6.3) 0.3) 0.0 
Spokane. 1,929 28. 39.5) | 10\ sw. | 19} 5.8 3.1] 0.0 
alla Walla.....-----| 991 57 29. - 46.6) +2 78 26 45, w. | 16) 10) 7| 5.6] T. | 0.0 
211 11) 99] 30.22] +.21) —0.6 | 42 2.94) —2.3) nw. s. 10| 8| 6) 17) 6.4| T. | 0.0 
---| 29] 17/ 30.20......| | 12 s. w. | 10/13] 8 10) 5.2) 0.3) 0.0 
125) 215] 07) 30.20, —0.2 26| 74| 1/37] —1.5| 15) $726) s. sw. | 10| 7| 8| 16| 6.7} 0.7| 0.0 
213) 113] M98) 30.21) +.21) —0.6) | 2107] —1.9| 15] sw. sw. | 16 15| 12| 6.6| T. | 0.0 
-.-| 86] 9 30.18 +.22) +0.3 17) 42) 91) —2.9| w. s. 10} 19| 7.0) 0.0) 0.0 
153) €8) 106) 30.06) 30.22) +20) 47.2} +0.3) 82 38) 74) —3.4| 18) nw. | 28) sw. | 16) 8) 17| 6.4) T. | 0.0 
M...| 510} 57) 29.71] 30.27) +.23 47.2) +0.1) 85 45| 42; 36] 71| 1132] —2.7| 13] 2,201/ n. | 15| sw. | 12) 6| 9| 5.3) T. | 0.0 
Coast | 59| 0.33) —3.7 = 
73, 89] 30.18) 30.26) +.20 | 74] 28| 54) 31] 4] 41 44 0.80} —6.2} 10| 6,677) n. | n. 11| 10) 10] 5.0} 0.0) 0.0 
490] 18] 20.56) 30.08)......| 73| 26| 55| 41| 45} 0.05]......| 2|18,055| nw. | 76 nw. | 8 17] 7| 7| 0.0 0.0 
332] 50} 56] 29.76] 30.12) +08) | 87| 27] 69| 36) 7| 44) 45) 0.09) 1| 5,823) nw. | 36) n. 3) 25| 6! 1.8] 0.0, 0.0 
69] 106] 117} 30.03) 30.10] +.07, 85| 27| 68! 35| 4/ 44] 35] 47| 52} 0.43; —2.6| 2| 6,746] nw. | nw. | 3) 22] 6| 3) 2.5| T. | 0.0 
155] 208) 243] 29.95} 30.12) +.06 84] 27| 65| 44) 5] 49) 41| 63] 0.03] —3.1| 2| 6,283} w. | 35/n. | 14) 23] 2.8) 0.0] 0.0 
141] 12] 110] 29.96) 30.11)... 85| 27| 68} 32} 5| 40) 0.31] —2.7| 4,780 nw. | 24) nm. | 18) 7] 6) 3.5] 0.0) 0.0 
South Pacific Coast i 
Region. 2.6 
327| 89] 98] 29.73) 30.09, +.08| 56.8) +1.9) 85] 28 70| 34] 4] 44] 35) 36] 52| 0.06, —1.7| 1) 4,419 nw. | 42, nw. | 23) 2.8] 0.0, 0.0 
338] 159} 191] 29.68) 30.05| +.03] 61.0) +4.1| 85| 26) 71, 41) 5) 51 49} 38| 0.32) —2.7| 2) 4,4841e. | 28 sw. | 9/22) 4) 5/23] 0.00.0 
87) 62) 70} 29.94) 30.03, +.01| 58.4] +1.7| 82] 26-67, 40] 5| 51| 46] 69] 0.34) —1.4) 4) 4,450, nw. | 26) w. | 10/22) 2) 7) 2.9) 0.0) 0.0 
201] 32} 40] 29.88) 30.10, +. 04) 55.8) +2.0) 87] 26 70, 91 42) 46) 38) 0.38| —3.6| 3,188, n. | 24) ne. | 24) 3) 4) 2.31 0.0 
| 80.8 | 74, T. | 0} 9,606] n. | 28; 1) 5.1) 0.0) 0.0 
| 81.0) 72| 79} 0.36] —1.2| 9/13; 282) n. 10; 27; 2) 5.5} 0.0, 0.0 
7.95|......] 22] 5,354) s. 
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TABLE 2.—Data furnished by the Canadian Meteorological Service, March, 1923. 
Pressure. Temperature of the air. Precipitation. 
Altitude 
cae Stati Sea level 
: mean Station | Sea leve 
Stations. \ Depar- Mean Depar- Depar- 
sea level, || reduced | reduced | mac | tere Mean | Mean | _ ture Total 
1, | to to from: from — Highest. | Lowest. | Total. from_ | snowfall 
| hours. | hours. | 20rmal. || min.+2. | normal. normal. 
| | 
| Feet. || Im | In. | In. In. 
48 29. 80 29. 85 —.03 20.1 | —6.2 29.8 10.3 42 —10 6. 58 +1.65 47.0 
alifax, N. 88 29. 78 29. 89 —.05 || 23.6 —5.4 33.5 13.8 45 —5 4.95 —0.51 27.6 
Yarmouth, N | 65 29. 84 29. 91 —. 04 || 26.5 —4.3 34.1 18.9 46 1 | 4.16 —0.69 31.4 
Charlottetown, cyl pee 38 |} 29. 82 29. 86 —.04 | 18.7 | —6.7 27.9 9.6 44 —10 || 2.85, —0.36 25.0 
28 || 20.77) 29.81 -.09 | 15.2) 21.1 3.3 43 2.80) —0.58 23.1 
| | | 
20| 29.88 29.91 +.01 || 11.7); —86 19. 4 4.0 41 —12 | 2.03 20, 
| 296 29. 61 29.95 | 15.7 | —5.5 23.9 7.5 46 —13 |) 2.97 —0. 29 29, 
Montreal, ee } 187 29.74 29. 96 —.04 | 18.9 | —4.9 26.5 11.4 47 —9 2. 82 —0.97 24, 
Ottawa, 236 29.71 29. 99 —.02 | 18.7 | —2.8 27.6 9.9 48 —12 2.43: —0.29 24, 
Kingston cans 285 29. 66 29. 99 —.02 | 22.7 | —2.9 30.7 14.7 46 2.10; —0.54 ll, 
| 
1,244 28. 60 29. 99 —.04 | —10.1 17.8 —13.5 46 —42 2.22; +0. 84 22, 
co ee eee ee | 688 29. 21 29. 94 —.08 | 15.6 —5.5 25.0 6.2 44 —19 2.86, +0.63 27. 
| ' 
Port Arthur, 644 29.29 30.08 —.02 17}. 21.0 2.4 38 -16! 0.83 | —0.14 | 
ban 760 29. 23 | 30. 12 +.08 6.5 18.3 —5.3 45 | —27 || 1.29 +0. 26 12. 
1,690 28.18 | 30. 12 +. 06 | 3.2 —9.3 13.7 —7.3 47 —40 161 +0.96 | 16. 
Geek; | 27.69 30.05 +.01 | 10.6; 22.7 —1.5 44 —2% 168; 16. 
2,144 27.62 29. 96 —.04 | +07 | 38.1 18.4 57 0.43; 4. 
2, 392 |; 27.37 | 30. 10 +.08 | 20.4 | —1.6 31.4 9.5 51 —15 || 0.55; —0.26 5. 
4,521 | 25. 28 | 29. 98 +. 04 | 26.5 +6.3 | 38.9 14.1 62 —12 || 0.39; —1.02 3. 
2, 150 | 27.62 29. 98 +.02 | 20.3 | —3.9 | 30.0 10.6 53 —11 i 1.68 | +-0. 96 15, 
Prince Albert, Sask...................... 1, 450 28.48 30.14 +..06 | 12] -43 44 —27 || 0.31) 0.46 3. 
errs pe 1,592 28. 25 | 30. 07 +.01 15.4 +2.3 25.8 4.9 45 —17 || 0.26, —0.20 a: 
230 29. 91 | 30. 17 +.20 43.3 +1.5 49.0 37.9 65 31| 2.81 | —0.31 
Late reports, February, 1923. 
| 125 | 29.50 29.65; —.18 12.5 | —9.5 | 18.8 | 6.3 32 —10 | 1.30} —3.61 13.0 
Oe a ee 2, 144 27. 84 30. 21 | +. 16 15. 1 | +3.9 | 26. 1 | 4.1 55 —34 | 3.99 +3. 23 39.0 
| 3, 428 26. 51 30. 26 | +.27 17.7 +42) 30. 7 | 4.8 63 —39 | 0. 59 —0. 04 5.9 
4,521 || 25.46 | 30.27) 17.8; 2.9} 5.7 0.23) —0.69 2.3 
Edmonton, | 2,150 27.80 30. 21 +.19 || 13.3 +5.0 24.6 2.0 | 59 —36 | 0.77 +0. 10 6.1 
B.C... 1, 262 29. 04 30. 40 +.44 23.3 —5.0 | 31.3 | 15.3 49 0. 45 —0. 34 4.5 
4,180 25.75} 30.20 +.29/ 194! 405; 10.6 43 —34 2.82] 26.0 
| | | | 
SEISMOLOGICAL REPORTS FOR MARCH, 1923. 
W. J. Humpnreys, Professor in Charge. 
{Weather Bureau, Washington, May 3, 1923.] 
TABLE 1.—Noninstrumental earthquake reports, March, 1923. 
Approxi- | 
mate | pproxi- oe 
Approxi- Intensity) Number 
Day. Station. mate (Rossi- of Sounds. Remarks. Observer. 
latitude. Forel). | shocks 
civil). } 
| CALIFORNIA. 
1923. H. m. Sec. 
12 6 00 | Los Alamos............. | 34 45] 120 15 4 H. R. Geve. 
ILLINOIS. 
9 2 45 | Greenville............... 38 50 89 20 4 1 J. M. Hawley. 
MISSISSIPPT. 
27 | 8 00| | 34 35| 89 45 4 2| Rumbling......... Felt by Dr. W. F. Coleman. 
NEW MEXICO. 
| 
7 5 04 | Columbus............... 2 10ca DY W. E. Turner. 
| | SOUTH CAROLINA. 
TEXAS. 
7 5 03 Sierra Blanca........... 31 10] 105 25 BO} H. W. Reynolds. 
j | 
| WASHINGTON. 
12) 18 15 Anacortes............... | 48 30] 122 40 4 1] 5-6 | None............. W. B. Short. 
| 


~ 
~ 
} 


Marcu, 1923. MONTHLY WEATHER REVIEW. 
TaBLE 2.—Instrumental seismological reports, March, 1923. 
Time used: Mean Greenwich, midnight to midnight. Nomenclature: International. 
For significance of symbols and description of stations, see REVIEW for January, 1922. 
Date. Phase.| Time Remark § Date. acter. Phase.| Time. tance. Remarks 
Ag An Ar Aw 
Auaska. U.S.C. & G. S. Magnetic Observatory, Sitka. Hawau. U.S. C. & G. S. Magnetic Observatory, Honolulu. 
1923. H.m.s.\ See. Km 1923. H.m. 8s. | Sec. Km, 
@w.....] 17 2532} 22 ].......) 45 ap; nnin 
1 13 19 40 
13 22 05 1,650 | E well defined; N 
Me.) 132741] 15 (2,300 Sx....- 71033) 16) 38 
13 24 06 Sw....| 710 49 
*T lit 22 22 57 
race amplitude 2 27 2 
Arizona. U.S.C. & G. 8. Magnetic Observatory, Tucson. 
1923. | H.m. 8. | See. | Km. 
Local. Mx...-| 22 49 09 
| Sy. 5 03 33 23 24 .. 
| 03 Fy....| 23 00 .. 
Ma... 503 49 4 #500 24 Q..... 12 56 46 
the’ magneto- Lgl ...| 13 13 40 
20 30 27 graph. Lg2...| 13 18 10 
My....| 20 30 31 |....... #400 Lg3...| 13 22 10 
Fy. - 20 38 13 26 50 
My....| 13 2717 
* Trace amplitude. F..... 4 
Cauirornia. Theosophical University, Point Loma. Iutunors. U.S. Weather Bureau, Chicago. 
Km. 
Tremere 1923. H.m.s.\ Sec. Km. 
L.....| 8 51 12 
S?..... 
50 
District or CorumBiA. U.S. Weather Bureau, Washington. |) Besess. .| Time-marking 
mechanism out 
1923, H.m.s. | Sec. “ “ Km. F..... of order. 
P?. 


ain 
| 
| 
| 
) 
) 
) 
) a 
| 
| 
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Iuurnois. U.S. Weather Bureau, Chicago—Continued. 
1923. H.m.s. | Sec. | Km 
L.....| 14 10 .. | 
151020] 18 |....... 
| 
U.S.C. & G. S. Magnetic Observatory, Cheltenham. 

| 
1923. | H.m. 8s. | Sec. Km, 
| Me....1134758| 19] 
| Mw....| 13 4653} 26 /....... *100 |....... 
| Fw.... 13 


*Trace amplitude. 


Porto Rico. 


1923. | 8. 
Mee. BB t...00<5 i 6 03 43 L waves superim- 
Me | 6 04 33 posed by tremors 
My..-. 6 04 26 of 2 or 3 sec. pe- 
6 04 59 riod. Felt in 
Cy....| 605 10 Porto Rico, espe- 
F,....| 615 .. cially near Maya- 
| 6 18 guez. 
*Trace amplitude. 
CANAL ZonE. Panama Canal, Balboa Heights. 
| 
1923. m. s.| Sec. “ | Km. 
Sy....| 11 15 30 | 
*Trace amplitude. 
Vermont. U.S. Weather Bureau, Northfield. 
1923. | |H.m.s. Sec. | | Km. 
| 
| | Fg. mee 
{ | | | | 
Canapa. Dominion Observatory, Ottawa. 


INSTRUMENTS—FIXED CONSTANTS. 


| | | 
Instrument. ‘sympa. | Registration. Damping. Paper speed. | Mass. 


Deformation. ..... 
Spindler-Hoyer. . - 


| 


d Magnetic. . 
do 
Alf... 


| Smoked sheet. .....do.... 


8mm 


17mm 
15 mm 


0. 

per min.) 1 1b. 

Do. 

. per hour 20g. ca. 

per min. 80 kgm. 
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Canapa. Dominion Observatory, Ottawa. 
INSTRUMENTS—DETERMINED CONSTANTS. 


Instrument. | To— va v. €. Comp. 1 Determined. 
250 (1) See note below. 


1 No. 23 was run at various values for the damping ratio. It was kept at 20: 1 until 
Mar. 9, 1923. It was then set at 15: 1 until Mar. 1, 1917, when it was again changed to 
10: 1 until the end of the month and longer. 


1923. 
Mar. 1 


10 


10 


ll 


12 


13 


4 


H.m.s.| See. 
_ 84 @ 
eL.. 

10 00 .. 

17 O01 44 |....... 
e(8)...| 17 09 32 }....... 
18 09 . 21 
er 18 36 . 19 
22 42 @|....... 
eL.. 
eL.. 
eL. ee 
L.. 
_ 
S) 

F.. 
_ 
eL.. 
15 ca.}....... 

-|(20 54 49) 
(21 04 53)).. 


Small amplitudes, 


Halifax record con- 
tains traces of L, 
but no P or S. 


Very small ampli- 
tudes. 


Traces only. 


Very small ampli- 
tudes. 


Small amplitudes 
only. 


.| Very small ampli- 


tudes through- 


out. 


gives 0, 


22:15:45; distance, 
000, 


| 
(6240) 
| 
& G. S. Magnetic Observatory, Vieques. | 
| 
| | 
| 
= | 
| 
: S......|(21 13 00) 
M2....| 21 54 30 21 | 
I Air... 15mm. per min. 
Mae |.....d0 F 7 35 .. 
--..-d0 Q..... 22 12 33 Strasbous wire- 
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Canapva. Dominion Observatory, Ottawa—Continued. Arizona, U.S.C. & G.S. Magnetic Observatory, Tuscon—Con. 
1923. H. m. 3. | Sec. Km, 
L Me...) 5 44 10 
L..... 17 es Mx 16 39 35 #37, 500)....... 
Mz....| 0 43 08 4|*1,000 
Mw. 0 43 29 600 
14 21 44 4] *200| *200}....... Local tremors. 
Sx-...| 7 52 33 |. 
Does not appear to L2e... 8 10 51 
have been single Lin...| 8 10 40 
abrupt shock: L2y...| 8 14 27 
phases seem to Me..-..| 8 21 08 
result from sev- My....| 8 21 43 
eral shocks, and Fg....| 9 04.. 
do not admit o Fy....| 8 44.. 
resolution. 
er.....| 20 39 41 
ae 20 40 41 
Mz....| 20 41 21 
My....! 20 42 37 
Fs....| 2047... 
Fr....| 20 49 . 
Small sinusoidal L *Trace amplitude. 
waves. 
AuasKa. U.S.C. & G. S. Magnetic Observatory, Sitka. 
1923. H.m. s. 
Times uncertain Wa 5 07 45 
P.....| 51439 
ePy...| 51515 
5 16 12 
5 18 47 
S......| 52007 
5 22 25 
tae 
No earthquakes were recorded during March, 1923, at Cne.| 5 24 52 
the following station: 
Cotorapo. Regis College, Denver. 5 28 1 
Reports for March, 1923, have not been received from Me..| 5 29 28 
ALABAMA. Spring Hill College, Mobile. 
District or Georgetown University, Wash- 16 08 44 in 8.0 
ington. 16 11 19 pares at 16:20:35. 
16 11 28 off at 16:21:35; 
AssAcHusETTS. Harvard University, Cambridge. 16 13 19 On after 16:32:17 
Missourt. St. Louis University, St. Louis. 16 16 53 
New York. Cornell University, Ithaca; Fordham Uni- 
versity, New York. Miyesso|eoseeee00: grap 
Canapa. Dominion Meteorological Service, Toronto 3050 
nd Victoria. 73492 
TABLE 3.—Late reports (instrumental). 
SRy..| 7 48 46 
Arizona. U.S.C. & G. S. Magnetic Observatory, Tucson. 
73238 
Px = F.....| 9 49 
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Marytann. JU. 8S. C. &. G. S. Magnetic Observatory, Cheltenham. 
1923. H.m. 8. Km. 
Bh 5 08 15 8,180 | Nodefinite M onN. 
Pg....| 5 19 45 
Py....| 5 19 52 
PRig.| 5 22 43 
ePRy.| 5 2413 
ePRy. 5 25 26 
5 29 14 
Me....| 55135! #200 |......./....... 
16 13 36 at 16:49:04; E off 
| PRig.| 16 17 08 |....... at 16:48:53. Re- 
SRig..| 16 28 15 |....... 
.|| 16 98 27 |....... | 
SR2y 16 31 33 1,800 
16 33 25 60 *3,500 
ex-----| 16 36 25 
Lle...| 16 37 54 
L2g...| 16 41 08 
Liw...| 16 39 44 kt 
L2...| 16 41 03 |....... AL 
| 7 55 34 
Lig...| 8 10 57 
Me....| 8 19 35 16} *500 
Mx.--.| 8 18 49 9500 


* Trace amplitude. 


U.S. C. & G. 8S. Magnetic Observatory, Honolulu. 


1923. 
Feb. 


1 


| 
H.m. Sec. Km. 
M,y..-.1 193054) 30 }....... 
My. 
Sy....| 5 2290 
SR2y .| 5 26 30 
Le.- 5 29 21 
Mg....| 5 30 08 
| My....| 5 32 45 
| 16 10 15 7 
iSg....| 16 16 58 
16 16 58 
Ly....| 16 32 12 #1, 100 |....... 
iLRw | 19 03 17 chine 
| 
| | 
| 


E record obscured 
by overlapping 
traces. 


Do. 


Motion after L too 
rapid to register; 
E visible after 16: 
29, N after 16:35; 
paper changed 
17:08 to 17:19; 
E on new sheet 
_ by 
overlapping 
traces. Recorded 


on magneto- 
graph. (*) indi- 
cates approx- 
imate ampli- 
tudes 
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Hawan. U.S.C. & G. 8. Magnetic Observatory, Honolulu—Con. 


1923. H.m. s.| Sec. 

ee 8 11 10 13 

@g..... 8 14 04 8 

@g..... 8 34 50 |....... 

Fs. 

er-. 
Cy... 

22 59 40 |....... 
er .| 23 04 20 20 

@n..... 23 04 30 15 

Mg....} 23 04 51 20 

My....| 23 05 18 13 

8720 

SRix 217 28 8 

Le.. 2 20 11 28 

Ly. 2 19 55 21 

Me. 2 22 41 21 

My. 2 21 37 20 

Fg... 

9 35 10 |....... 

Me. 9 36 34 11 

Fe. 

Fy. 

Fx. 

6 13 46 10 
3430 

Le:- 6 35 25 19 

Fx. 

7 

PRI. 7 44 40 |....... 

7 48 52 13 

iSe. 7 49 34 15 

iSw. 7 49 34 20 

SR2n 7 53 18 14 

Mel ..| 7 53 40, 15 

16 

My....| 7 56 00 16 


Very slight. 


Activity on E well 
defined but of 
magnitude. 


An irregularity in 
the microseisms, 


P merely an ir- 
egul: in 


inary phases ex- 
ceptionally weak. 


L doubtful on ac- 
count preceding 
activity; actual 
Me occurs dur- 
ing SR. 


Barely perceptible. 


Nothing definite. 


Porto Rico. 


U.S. C. & G. 8S. Magnetic Observatory, Vieques. 


1923. H. 
16 
SR2z .| 16 
SR2y .| 16 
16 
16 
Ly. ...| 16 
iLy...| 16 
Mg....| 17 
My.... 
17 
Fxg....| 19 
Meg. 8 
My. 8 
Fg....| 8 
Fy....| 8 


N stylus off sheet 
‘aper chan, 

d Ar P, and 

mdulum_ad- 
fisted during S. 


* Trace amplitude. 


| Km, 
: 5,120 
: Icros,  prelim- 
| 
: 
m.8.| Sec. “ “ Km. 
00 35 19 
31 42 18 
32 10 100) 
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District oF CoLumBIA. Georgetown University, Washington. CanaDa, Dominion Observatory, Ottawa—Continued. 
1923. H. m. 8. | Sec. | Km. 1923. H.m.s.| Sec “ uw | Km 
mor felt at Sacra- 
SRw.-| 9 20 53 eee 92645} 500/....... On No. 17. 
Sw.-..| 8 1402 Ml 
CanaDA. Dominion Observatory, Ottawa. ses Sinusoidal L 
Seismologic station, Dominion Observatory. = 36 .. 18 
[o=45° 23’ 387 N. \=75° 42’ 57” W. h=83m. Lithologic foundation: boulder clay 
over limestone (Ordovician). Time: Mean Greenwich, midnight to midnight. Time 2 |. 
correction: within .25s.] 
INSTRUMENTS—FIXED CONSTANTS. 
Instrument. | Symbol.| Registration. | Damping.| Paperspeed. | Mass. F..... Lost in micros. 
I Photographic .| Air........ 15mm.permin.| 200g. 
Deformation. ..... Air........| 17mm. perhour.| 20 g. ca. 
Spindler-Hoyer...| W Smoked sheet.|...do...... 15 mm. per min.) 80 kgm. M2e...| 554... 
Instrument. | |r. | v. | « |Comp.| 1. | Determined. 
120 | aper.| EW. |........ Do. 
250; 20:1 | EW. |........ Do. | le 7620 | Saskatoon record 
13:10 | EW. |........ Do. | tance of 5750; 
eL.....| 23 09 30 miores. 
eL....] 13 08 .. preceding. 
14 10 
haw. 


+ 
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CanaDA. Dominion Observatory, Ottawa—Continued. 


Canava. Dominion Observatory, Ottawa—Continued. 
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Canava. Meteorological Service of Canada, Victoria—Continued. 


of Canada, Toronto—Continued. 


Meteorological S 


CANADA. 


id to record 


may be S. 
Too 
clearly. 
Do. 


41° 


N., long. 155° W. 


5,700 km. 


8 


1,530 | S may be PRI; L 


.| Probably lat. 


L—S, 5,500 km. 


-| 


EBii:: Br: si Bir: tea 4 
ESssSS SS8S BSS B88 SZNSS Sez ex os SSS 
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; 28 
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